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ABSTRACT 


The  main  purpose  of  the  study  was  to  examine  the  importance  of 
student  aptitude,  personality,  and  motivation  factors  with  respect  to 
calculus  achievement  scores  in  each  of  two  learning  settings  indepen¬ 
dent  study  and  lecture.  The  secondary  purpose  was  to  compare  the 
independent  study  and  lecture  methods  in  terms  of  student  achievement 
scores  and  dropout  ratios. 

Two  classes  of  first-year  university  transfer  students  at  Mount 
Royal  College  participated  in  the  experiment.  The  students  were 
randomly  assigned  to  their  classes  resulting  in  67  students  in  the 
independent  study  group  and  62  students  in  the  lecture  group.  At  the 
beginning  of  the  1973  spring  semester,  the  students  were  administered 
a  test  battery  consisting  of  aptitude  tests,  a  personality  questionnaire, 
and  motivation  scales.  Calculus  achievement  scores  were  obtained  during 
the  semester  using  four  term  tests,  a  final  examination,  and  a  standard¬ 
ized  calculus  test.  Stepwise  multiple  regression,  Pearson  correlation, 
and  t  test  procedures  were  carried  out  on  the  data  collected  to  test 
the  major  hypotheses  of  the  study. 

The  results  of  the  study  were  as  follows: 

1.  Aptitude  variables  played  the  most  important  predictive  role 
with  respect  to  calculus  achievement  scores  in  the  lecture 
group ; 

2.  Motivation  and  personality  variables  were  the  most  important 
predictor  variables  in  the  independent  study  group; 
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3. 


An  aptitude  variable  was  the  most  important  factor  distin¬ 
guishing  the  lecture  dropout  from  the  lecture  non-dropout; 

4.  A  personality  factor  was  the  most  important  factor  distin¬ 
guishing  the  independent  study  dropout  from  the  independent 
study  non-dropout; 

5.  There  was  no  significant  difference  in  the  final  examination 
and  the  standardized  test  mean  scores  between  the  two 
groups ;  and 

6.  There  were  significantly  more  dropouts  in  the  independent 
study  group. 

The  main  conclusion  of  the  study  was  that  there  were  identifiable 
student  characteristics  that  were  related  to  achievement  in  calculus 
via  the  two  instructional  methods  used. 
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CHAPTER  I 


THE  PROBLEM 

INTRODUCTION 

During  the  past  decade  educators  have  given  increased  attention 
to  the  areas  of  mathematics  curriculum  development  and  methodology,  not 
only  in  our  schools  but  in  our  colleges  and  universities  as  well. 
Particular  consideration  has  been  given  to  individualized  instruction. 
The  causes  of  the  attention  to  individualized  instruction  in  mathematics 
may  be  attributed  to  the  change  in  our  view  of  education,  the  increasing 
importance  of  mathematics  in  the  world  today,  and,  in  part,  to  student 
dissatisfaction  with  university  and  college  education. 

View  of  Education 

For  hundreds  of  years  education  has  been  viewed  as  a  selection 
process.  At  certain  stages  of  the  educational  program,  those  learners 
who  met  certain  criteria  were  allowed  to  continue  to  the  next  stage. 
Those  who  failed  at  the  different  stages  were  essentially  ignored  by 
educators.  These  "failures”  were  to  find  their  appropriate  niche  in 
society,  while  the  "graduates"  of  the  educational  system  were  to  become 
the  professional  elite  and  the  contributors  to  society. 

Education  was  conceived  as  a  set  of  learning  experiences  which 
presumably  became  more  difficult  as  the  learner  proceeded  through  his 
schooling.  It  was  assumed  that  fewer  and  fewer  learners  had  the 
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necessary  gift  of  intelligence  to  succeed  as  they  moved  from  the  lower 
grades  to  the  higher  grades  and  from  high  school  into  college. 

Today,  many  of  the  countries  of  the  world  are  demanding  more  and 
more  education  for  their  citizens.  The  reasons  for  these  demands  are 
not  clear.  Increased  economic  growth,  increased  social  and  occupational 
mobility,  and  desire  to  enlarge  our  knowledge  of  nature  and  society  and 
to  strengthen  our  culture  have  been  given  as  reasons.  However,  the 
Commission  of  Post-Secondary  Education  in  Ontario  (1972)  gave  evidence 
to  indicate  that  it  is  difficult  to  discover  any  single  set  of  objective 
social,  economic,  or  demographic  criteria  that  can  be  said  to  account 
for  the  rapid  growth  in  the  area  of  post-secondary  education.  The 
commission  concluded  that  we  are  "...  left  only  with  the  unsatisfactory 
and  unsatisfying  conclusion  that  post-secondary  education  seems  to 
expand  when  a  society  desires  it  to  be  expanded"  (1972:2).  Whatever 
the  reasons,  societies  are  demanding  more  education  for  their  citizens 
and  consider  any  educationally  disadvantaged  segment  of  society  as  a 
source  of  social  problems.  Bloom  (1971)  indicated  that,  in  the  United 
States,  about  75  per  cent  of  the  18-year  olds  were  finishing  high  school 
and,  in  Japan,  about  60  per  cent  of  the  18-year  olds  were  completing 
secondary  education.  In  Canada,  nearly  60  per  cent  of  the  18-year  olds 
are  completing  high  school.  More  and  more  of  these  high  school 
graduates  are  moving  into  colleges  and  universities. 

In  Canada,  our  society  is  insisting  upon  educational  institutions 
that  will  serve  a  broad  spectrum  of  the  community  needs.  Some  of  these 
needs  have  been  outlined  by  Fisher  (1967)  and  Kristjanson  (1969).  It 
appears  that  the  educational  ideal  is  to  provide  all  citizens  an 
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opportunity  to  obtain  an  education.  At  present,  many  Canadians  seem 
to  be  much  attracted  to  the  relatively  new  post-secondary  educational 
institution  called  the  community  college.  In  1972,  there  were  approxi¬ 
mately  130  Canadian  community  colleges  serving  a  total  student  population 
of  approximately  100,000.  The  provinces  of  Quebec,  Ontario,  Alberta,  and 
British  Columbia  have  shown  remarkable  growth  in  the  community  college 
movement.  The  result  is  that  colleges  and  universities,  particularly 
community  colleges,  are  enrolling  ever  more  heterogeneous  groups  of 
students.  This  heterogeneity  exists  both  in  the  domain  of  aptitude 
and  motivation.  It  is  seen  as  the  task  of  the  institution  to  maximize 
for  each  of  this  broad  spectrum  of  students  his  ability  to  function 

effectively  in  a  complex  society. 

This  change  in  the  view  of  education  poses  many  problems  in  the 
general  area  of  curriculum  development  and  methodology.  Educators  are 
looking  at  alternate  methods  of  instruction,  particularly  individualized 
instruction,  to  help  as  many  students  as  possible  learn  to  cope 
effectively  with  their  environment. 

Importance  of  Mathematics 

Mathematical  research  is  advancing  so  rapidly  that  the  quantity 
of  known  mathematics  is  doubling  approximately  every  fifteen  years,  which 
implies  an  eight-fold  increase  in  the  working  lifetime  of  today’s 
students.  In  the  past  fifty  to  seventy  years  man  has  seen  the  fantastic 
development  of  subjects  in  mathematics,  such  as  topology,  theories  of 
integration,  functional  analysis,  measure  theory,  abstract  algebra, 
probability  and  statistics,  and  game  theory.  These  subjects  have  found 
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important  and  extensive  applications  in  the  physical  and  engineering 
sciences,  biological  sciences,  and  in  the  social  sciences.  Game  theory 
is  a  mathematical  theory  of  games  of  strategy  and  has  applications  in 
economics,  war,  and  the  study  of  human  relations.  "Linear  programming" 
has  provided  an  important  tool  for  more  efficient  management  of  large- 
scale  industrial  and  governmental  operations.  "Operations  research" 
employs  many  mathematical  and  statistical  methods  and  is  used  by  indus¬ 
trial  firms  to  make  their  operations  more  efficient  and  more  productive. 
"Quality  control"  uses  statistical  techniques  for  efficient  control  of 
quality  in  large-scale  manufacturing  processes. 

These  changes  in  the  importance  of  mathematics  and  the  effects 
of  the  electronic  computer  and  automation  on  our  lives  are  almost 
beyond  our  comprehension.  Mathematics  has  become  basic  to  the  fabric  of 
our  social  order.  Thus,  it  has  become  necessary  for  greater  numbers 
of  people  to  learn  mathematics.  This  places  demands  upon  research  in 
curriculum  and  instruction  so  that  these  increased  numbers  may  achieve 
the  objectives  of  mathematics  instruction. 

Student  Dissatisfaction 

Student  dissatisfaction  with  university  and  college  education  has 
reached  crisis  proportions.  More  and  more  students  are  becoming  unhappy 
with  impersonal  mass  lectures  and  irrelevant  course  content.  At  the 
same  time,  little  encouragement  seems  to  be  offered  to  faculty  for  high- 
quality  teaching  and  for  the  development  of  efficient  learning  methods. 
Academic  rewards  continue  to  be  almost  exclusively  for  discipline- 
related  research  contributions.  McLeish  (1968)  indicated  that  the 
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student  discontent  has  helped  educators  focus  attention  on  curriculum 
development  and  methodology. 

Hopefully,  this  study  has  been  a  small  contribution  to  the 
revolutionary  cause  of  improving  instruction  in  the  area  of  college 
mathematics.  The  study  was  concerned  with  mathematics  curriculum 
development  and  methodology  in  the  teaching  of  calculus.  Two  modes  of 
instruction  were  used — the  traditional  lecture  method  and  an  independent 
study  method.  The  purpose  of  the  investigation  was  to  assess  the 
relationships  between  student  characteristics  and  mathematics  achieve¬ 
ment  in  each  of  the  instructional  modes. 

BACKGROUND  TO  THE  PROBLEM 

In  the  past  few  years  many  educators  at  the  community  college 
level  in  Canada  and  the  United  States  have  concerned  themselves  with 
individualized  instruction  and  other  instructional  techniques.  They 
have  known  that  there  are  great  differences  in  how  each  student  learns, 
and  have  recognized  the  need  for  instructional  systems  which  can  make 
higher  education  available  to  large  numbers  of  students  and,  at  the  same 
time,  offer  an  individualized  learning  experience.  Still,  few  modifi¬ 
cations  have  departed  significantly  from  the  traditional  lecture  approach 
to  instruction.  This  is  not  to  say  that  the  lecture  approach  is 
ineffective.  However,  educational  research  (see  R.  and  D.  Perspectives. 
1968)  has  demonstrated  that  other  instructional  methods,  such  as 
programmed  instruction,  computer-assisted  learning,  audio-tutorial,  and 
independent  study  methods  are  at  least  as  effective.  Some  students, 
according  to  Bloom  (1968),  can  learn  through  independent  learning 
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experiences  while  others  need  highly  structured  situations. 

We  have  to  recognize  that  no  one  instructional  method  will  prove 
effective  for  all  students.  Alternative  learning  methods  need  to  be 
developed,  and,  as  Goldschmid  (1969)  said,  these  instructional  methods 
"  .  .  .  need  to  be  optimally  matched  with  student  characteristics 
including  personality,  prior  learning,  interests,  and  aspirations" 
(1969:4) . 

In  the  past  (and  frequently  today)  adapting  instruction  to 
individual  differences  meant  fixing  the  curriculum  and  method  of 
instruction  and  adjusting  through  initial  selection  and  through  allowing 
for  dropouts.  Cronbach  and  Snow  (1969)  stated  that  a  more  responsible 
method  of  adapting  is  to  choose  different  educational  modes.  They 
stated:  "Our  concern,  then,  is  with  adaptations  in  method  that  will 

fit  instruction  to  the  relevant  characteristics  individuals  bring  to 
the  classroom"  (1969:175).  They  could  see  no  short-term  solution  to  the 
problem  of  individual  differences  "save  artistic  design  of  alternative 
instructional  schemes"  (1969:177).  The  long-term  requirement  is  for  an 
understanding  of  the  factors  that  cause  a  student  to  respond  to  one 
instructional  plan  rather  than  another. 

THE  PROBLEM 

The  main  purpose  of  the  research  was  to  examine  the  importance 
of  student  characteristics  with  respect  to  calculus  achievement  scores 
in  each  of  two  learning  settings.  It  was  surmised  that  student  charac¬ 
teristics,  including  student  aptitude,  personality,  and  motivation 
factors,  may  be  related  to  calculus  achievement  scores.  With  respect  to 
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the  main  purpose  of  the  study,  the  following  questions  were  asked: 

1.  What  student  characteristics  can  be  used  to  predict  calculus 
achievement  scores  in  a  lecture  setting? 

2.  What  student  characteristics  can  be  used  to  predict  calculus 
achievement  scores  in  an  independent  study  setting? 

3.  What  are  the  characteristics  of  the  dropouts  in  the  lecture 
setting? 

4.  What  are  the  characteristics  of  the  dropouts  in  the  indepen¬ 
dent  study  setting? 

These  questions  related  to  each  setting  separately  and  were  not  compara¬ 
tive  in  nature. 

The  secondary  purpose  of  the  study  was  to  compare  the  independent 
study  and  lecture  methods  in  terms  of  student  achievement  scores  and 
dropout  ratios.  The  specific  questions  asked  were: 

5.  Is  there  any  difference  in  the  mean  achievement  scores  of  the 
independent  study  and  lecture  groups? 

6.  Is  the  dropout  ratio  of  the  independent  study  group  different 
from  the  dropout  ratio  of  the  lecture  group? 

DEFINITION  OF  TERMS 

1.  Mastery  learning.  Learning  defined  in  terms  of  the  achieve¬ 
ment  of  specific  sets  of  objectives. 

2.  Independent  study.  An  expression  most  difficult  to  describe 
since  it  can  take  on  many  different  forms.  In  this  study,  the  term  was 
used  in  the  following  sense:  A  teacher-structured  study  program 
designed  for  mastery  learning  with  each  student  having  independence 
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in  terms  of  designing  his  or  her  own  study  times  and  in  the  choice  of 
instructional  aids.  The  terms  "independent  study"  and  "individualized 
instruction"  were  considered  synonymous. 

3.  Formative  evaluation.  Diagnostic  testing  used  to  provide 
immediate  and  frequent  feedback  to  the  student  regarding  his  progress 
during  instruction. 

4.  Summative  evaluation.  Testing  used  to  assess  the  students' 
achievement  at  the  end  of  instruction. 

OUTLINE  OF  THE  REPORT 

The  present  chapter  serves  to  stress  the  factors  that  make  it 
necessary  for  college  educators  to  focus  their  attention  on  curriculum 
development  and  on  the  methodology  of  teaching  mathematics,  gives  a 
background  to  the  problem  and  need  for  adapting  instruction  to  student 
characteristics,  and  outlines  the  problem.  Chapter  II  is  devoted  to  a 
review  of  the  literature  relevant  to  this  study.  The  design  of  the 
study,  outlining  the  instructional  settings  and  the  student  characteris¬ 
tics  used,  is  presented  in  Chapter  III.  Chapter  IV  includes  the  analysis 
of  data  and  the  results  of  the  investigation.  The  summary,  conclusions, 
and  recommendations  are  found  in  Chapter  V. 


. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

The  central  purpose  of  this  study  was  to  assess  the  importance  of 
student  characteristics  with  respect  to  calculus  achievement  scores  when 
an  independent  study  approach  and  a  lecture  approach  to  instruction  are 
used.  The  independent  study  method  used  in  this  research  is  based  upon 
features  of  the  mastery  learning  approach  to  instruction.  Thus,  in  the 
first  part  of  this  chapter,  the  history  and  theory  of  mastery  learning 
is  reviewed  along  with  a  review  of  the  lecture  method.  A  description  of 
research  findings  related  to  these  learning  approaches  is  also  included 
since  the  secondary  purpose  was  to  compare  the  independent  study  and 
lecture  methods  with  respect  to  achievement  scores  and  dropout  ratios. 

The  latter  part  of  this  chapter  gives  a  review  of  the  literature 
pertaining  to  the  relationships  between  student  characteristics  and 
academic  achievement.  This  review  is  considered  under  the  three  general 
areas  of  aptitude  or  intellectual  factors,  personality  factors,  and 
motivation  factors.  The  literature  related  to  these  areas  is  treated 
separately  from  the  review  associated  with  mastery  learning  and  the 
lecture  approach  for  a  specific  reason.  The  history  and  development  of 
the  research  related  to  the  three  areas  was  concerned  with  academic 
achievement  in  general  and  was  not  primarily  associated  with  the  rela¬ 
tionship  of  student  characteristics  with  methods  of  instruction.  The 
review  of  the  literature  associated  with  the  student  characteristics  is 
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generally  too  broad  to  be  classified  under  either  method  of  instruction 
used  in  this  study.  Thus,  a  perspective  of  the  relationships  between 
student  characteristics  and  academic  achievement  is  given  in  the  latter 
part  of  this  chapter.  The  study  of  the  relationships  between  student 
characteristics  and  calculus  achievement  scores  when  learning  occurs  via 
the  independent  study  approach  or  the  lecture  approach  is  reported  in 
the  following  chapters. 

MASTERY  LEARNING 


History  of  Mastery  Learning 

The  idea  of  learning  for  mastery  is  not  new.  In  the  1920’s 
there  were  two  major  attempts  to  produce  mastery  in  students'  learning. 
One  attempt  was  led  by  Carleton  Washburne  in  1922  and  the  other  by 
Henry  C.  Morrison  in  1926  at  the  University  of  Chicago’s  Laboratory 
School.  The  major  features  of  the  approaches  of  Washburne  and  Morrison 
as  summarized  from  Block  (1971a)  were: 

1.  Mastery  was  defined  in  terms  of  particular  educational 
objectives  each  student  was  expected  to  achieve. 

2.  Instruction  was  organized  into  well-defined  learning  units. 

3.  Complete  mastery  of  each  unit  was  required  of  students  before 
proceeding  to  the  next. 

4.  An  ungraded,  diagnostic  test  was  administered  at  the  comple¬ 
tion  of  each  unit  to  provide  feedback  on  the  adequacy  of  the 
students'  learning. 

5.  On  the  basis  of  this  diagnostic  information,  each  student’s 
original  instruction  was  supplemented  with  appropriate 
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learning  correctives. 

6.  Time  was  used  as  a  variable  in  individualizing  instruction. 

These  early  attempts  at  mastery  learning  disappeared  in  the  1930s 
"due  to  the  lack  of  technology  required  to  sustain  a  successful  strategy" 
(Block,  1971a:4) .  The  idea  arose  again  in  the  late  'fifties  and  early 
'sixties  as  a  result  of  the  popularity  of  programmed  instruction.  It 
was  in  1963  when  John  B.  Carroll  published  a  paper  entitled  Model  of 
School  Learning  that  provided  a  useful  model  for  mastery  learning.  It 
is  important  to  note  that  Carroll  did  not  view  his  model  as  a  "learning 
theory"  but  as  a  description  of  the  "economics"  of  the  school  learning 
process;  it  took  the  fact  of  learning  for  granted.  His  model  outlined 
the  major  factors  influencing  student  learning  and  indicated  how  these 
factors  interact.  It  was  Bloom  (1968)  who  transformed  this  conceptual 
model  into  an  effective  working  model  for  mastery  learning. 

Block  (1971a)  felt  that  the  most  recent  approaches  to  mastery 
learning  have  advantages  over  previous  efforts  in  two  important  respects: 

1.  The  feedback  instruments  are  much  improved;  and 

2.  A  greater  variety  of  instructional  correctives  are  used. 

Theory  of  Mastery  Learning 

In  1963  Carroll's  model  was  based  on  the  concept  of  a  learning 
task  which  he  defined  as: 

The  learner's  task  of  going  from  ignorance  of  some  specified  fact 
or  concept  to  knowledge  or  understanding  of  it,  or  of  proceeding 
from  incapability  of  performing  some  specified  act  to  capability  of 
performing  it.  [1963:723] 

Carroll  assumed  that  most  learning  objectives  can  be  expressed  in  the 
form  of  learning  tasks  or  a  series  of  learning  tasks,  each  of  which  can 
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be  described  (behavioural  objectives)  and  that  means  can  be  found  for 
making  a  valid  judgment  as  to  when  the  learner  has  accomplished  the 
learning  task. 

Basically,  Carroll's  model  claimed  that  the  learner  will  succeed 
in  learning  a  given  task  to  the  extent  that  he  spends  the  amount  of  time 
that  he  needs  to  learn  the  task.  If  the  learner  is  not  allowed  enough 
time,  the  degree  to  which  he  could  be  expected  to  learn  is  a  function 
of  the  ratio  of  the  time  actually  spent  in  learning  to  the  time  needed: 

Degree  of  learning  =  f  (time  actually  spent\ 

\  time  needed  ) 

The  model  proposed  that  the  time  needed  is  a  function  of : 

1.  Aptitude  for  learning — measured  by  the  amount  of  time  needed 
to  learn  the  task  under  optimal  conditions. 

2.  Ability  to  understand  instruction — measured  by  some  combina¬ 
tion  of  "general  intelligence"  and  "verbal  ability." 

3.  Quality  of  instruction — the  degree  to  which  the  presentation 
and  ordering  of  the  learning  task's  elements  approached  the 
optimum  for  each  student. 

The  model  further  proposed  that  the  time  spent  is  a  function  of: 

1.  Time  allowed  for  learning. 

2.  Perseverance — the  time  the  learner  is  willing  to  spend  in 
learning . 

Thus,  the  Carroll  model  can  be  summarized  by  the  following  relation: 


Degree  of  learning  =  f 


1.  Time  allowed  2.  Perseverance 


3.  Aptitude  4.  Quality  of  instruction 
5.  Ability  to  understand  instruction 


In  his  1968  paper.  Bloom  considered  the  variables  of  Carroll's 
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model  and  the  ways  these  variables  may  be  used  in  a  strategy  for  mastery 
learning. 

A  learning  strategy  for  mastery  may  be  derived  from  the  work  of 
Carroll  (1963),  supported  by  the  ideas  of  Morrison  (1926),  Bruner 
(1966),  Skinner  (1954),  Suppes  (1966),  Goodlad  and  Anderson  (1959) 
and  Glaser  (1968).  [Bloom,  1968:3] 

Bloom  argued  that,  if  students  are  normally  distributed  with 
respect  to  aptitude  for  some  subject  and  if  they  are  provided  the  same 
instruction  in  terms  of  amount,  quality,  and  learning  time,  achieve¬ 
ment  would  be  normally  distributed.  Also,  the  relationship  between 
aptitude  and  achievement  would  be  high.  However,  if  each  learner  is 
provided  with  optimum  learning  conditions  in  terms  of  kind  and  quality 
of  instruction  and  the  learning  time  he  required,  then  the  majority  of 
students  could  be  expected  to  achieve  mastery.  The  relationship  between 
aptitude  and  achievement  should  approach  zero.  Thus,  to  achieve  mastery 
fix  the  degree  of  learning  and  manipulate  the  other  variables  in 

Carroll’s  model. 

Bloom  proposed  a  strategy  for  mastery  learning  where  the  time  for 
learning  is  relatively  fixed,  i.e.,  semester  or  period  of  calendar  year 
in  which  the  course  is  usually  taught.  Basically,  the  strategy  consisted 
of  the  following: 

1.  Define  mastery  in  terms  of  a  specific  set  of  objectives  the 
student  is  expected  to  achieve. 

2.  Divide  the  course  into  small  learning  units  (one  or  two 
weeks’  instruction)  with  unit  objectives. 

3.  Use  teaching  methods  appropriate  to  learner  needs. 

4.  Prepare  short  diagnostic  tests  (formative  tests)  to  determine 
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whether  the  student  has  mastered  the  unit  and  what,  if 
anything,  the  student  must  do  to  master  it. 

5.  Prepare  tests  (summative  tests)  to  appraise  student's  com¬ 
petence  with  regard  to  content  and  objectives. 

The  remainder  of  this  section  will  be  devoted  to  an  analysis  of 
Bloom's  strategy  for  mastery  learning  and  of  the  variables  in  Carroll's 
model.  Since  Bloom's  1968  publication  extensive  mastery  learning 
research  has  been  carried  out  and  some  of  this  will  be  reviewed  as  well. 


Aptitude.  It  is  clear  that  some  students  have  characteristics 
that  give  them  special  advantages  over  other  students  in  learning  some 
tasks.  Whether  or  not  these  "aptitudes"  are  innate  gifts  or  the  result 
of  previous  training  has  been  a  controversial  issue.  It  seems  that 
some  "aptitudes"  are  the  result  of  endowment  but  at  the  same  time,  the 
rate  of  learning  tasks  can  be  altered  by  environmental  conditions  or 
prior  learning  experiences. 

The  amount  of  time  that  a  student  needs  to  learn  a  given  task  under 
optimal  conditions  is  a  reflection  of  some  basic  characteristic  or 
characteristics  of  the  student  that  may  be  called  "aptitude."  Often 
one  can  use  various  tests  and  other  indicators  to  predict  learning 
time  and  the  use  of  aptitude  predictors  will  sometimes  help  in 
dealing  with  variations  in  learning  time.  Learning  time  for  a  given 
task  is  often  a  complex  function  of  a  number  of  basic  aptitudes — 
verbal  ability,  memory  ability,  spatial  ability  and  so  forth  as  they 
have  been  identified  by  factor  analysis  studies.  .  .  . 

[Carroll,  1970:31] 

How  does  one  measure  "rate  of  learning  under  optimal  conditions"? 
Carroll  (1970)  said  that  the  true  amount  of  time  that  a  student  needs  to 
learn  something  is  a  variable  that  cannot  be  observed  directly  since  it 
assumes  that  the  student  is  well-motivated  and  that  instruction  is 
optimal.  However,  one  can  measure  the  time  to  reach  criterion.  He  also 
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reported  that  there  is  some  evidence  that  aptitude  interacts  with  the 
kind  of  instruction  offered.  Davis  (1967)  found  that  certain  factors 
of  Guilford's  "structure  of  intellect"  interacted  with  type  of  instruc¬ 
tion  in  mathematics  such  that  students  with  good  abilities  in  "cognition 
of  semantic  classes"  were  much  better  off  when  they  were  taught  with 
"semantic  methods"  as  opposed  to  "symbolic"  methods.  Conversely, 
students  with  good  "symbolic"  abilities  were  much  better  off  under 
instruction  that  stressed  symbolic  content.  One  of  the  major  research 
problems  now  is  to  identify  those  aptitudes  most  relevant  for  a  given 
learning  task. 

As  far  as  teaching  for  mastery  learning  is  concerned,  the 
teacher  must  recognize  the  differences  in  the  learning  rates  of 
students  and  allow  for  these  differences  in  the  instructional  process. 

Ability  to  understand  instruction.  Carroll  isolated  this 
variable  from  those  considered  under  "aptitude."  He  assumed  it  to 
interact  with  the  quality  of  instruction.  As  one  may  expect.  Block 
(1971a)  claimed  that  research  evidence  indicates  that  students  with  a 
high  ability  to  understand  (as  usually  measured  by  verbal  intelligence 
tests)  and  profit  from  instruction  are  little  affected  by  variations  in 
quality  of  instruction,  while  students  with  low  ability  to  understand 
instruction  are  much  more  affected  by  variations  in  quality.  Thus,  the 
different  instructional  modes  should  be  used  in  such  a  way  so  as  to 
take  advantage  of  the  student's  non-verbal  abilities  (i.e.,  spatial, 
symbolic).  There  is  little  evidence,  however,  that  this  would  produce 
significant  changes  in  student  behaviour. 
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Quality  of  instruction.  There  are  many  aspects  of  "quality  of 
instruction"  but  Carroll  (1970)  emphasized  those  that  have  to  do  with 
sequencing  the  order  of  presentation  of  material  from  simple  to  more 
complex,  with  making  sure  each  stage  is  properly  mastered  before  the 
next  one  is  taken  up,  and  with  making  sure  that  the  pupil  understands 
exactly  what  the  objectives  of  instruction  are.  He  also  listed  the 
quality  of  the  instructional  materials,  the  teacher’s  knowledge  of  the 
subject  matter,  and  ability  to  diagnose  student  difficulties  as  important 
factors. 

In  a  summary  of  mastery  learning  research  pertaining  to  the 
quality  of  instruction.  Block  (1971a)  stated: 

The  research  results  suggest  that  quality  of  instruction  is 
best  defined  by  (a)  the  clarity  and  appropriateness  of  the  instruc¬ 
tional  cues  for  each  student;  (b)  the  amount  of  participation  in 
and  practice  of  the  learning  by  each  pupil;  (c)  the  amount  and 
types  of  reinforcements  given  to  each  learner. 


Related  to  these  variables  are  the  findings  that  the  variety  of 
instructional  modes  and  materials,  teacher  verbal  ability,  the  type 
of  feedback  available  to  both  teacher  and  student,  and  the  frequen¬ 
cy  and  variety  of  teacher  reinforcements  are  all  predictive  of 
student  achievement.  [1971a: 93] 

Obviously,  it  would  be  extremely  difficult  to  establish  a  measure  of  the 
quality  of  instruction. 

Perseverance.  This,  as  previously  defined,  is  the  time  the 
learner  is  willing  to  spend  in  learning.  Carroll  (1963)  surmised  that 
perseverance  is  a  function  of  many  variables  including  the  desire  to 
learn,  frustrations  encountered  in  learning,  prior  experience  of  success 
or  failure  with  similar  tasks.  It  seems  reasonable  that  frequent  feed¬ 
back  and  positive  reinforcement  leads  to  greater  perseverance. 
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^rime.  In  many  college  courses  material  is  presented  at  such  a 
rapid  pace  that  only  those  students  with  the  "higher  aptitudes"  are 
able  to  keep  up  while  the  others  fall  behind,  sometimes  never  to  catch 
up.  It  does  not  follow  that  mastery  learning  is  the  result  of  allowing 
students  sufficient  time.  However,  if  they  are  not  allowed  the  time 
their  learning  will  be  incomplete.  If  a  course  is  presented  as  a 
sequence  of  learning  units,  Merrill,  Barton,  and  Wood  (1970)  indicated 
more  time  than  usual  may  have  to  be  allowed  for  early  units  for 
corrective  and  review  purposes  but  the  time  spent  here  usually  pays 
off  in  terms  of  less  time  for  later  units. 

Evaluation.  In  mastery  learning  the  role  of  the  teacher  is  that 
of  a  "manager."  His  role  is  to  specify  what  is  to  be  learned  (objec¬ 
tives),  provide  students  with  instructional  materials,  administer 
instruction  at  a  rate  suitable  to  each  student,  motivate  the  student, 
monitor  students'  progress,  diagnose  deficiencies  in  the  students' 
learning,  provide  remediation  for  them,  and  provide  review  and  practice. 
Thus,  one  of  the  more  important  aspects  of  a  mastery  learning  strategy 
is  that  of  evaluation. 

Airasian  (1971)  claimed  that  an  effective  mastery  strategy 
requires  two  types  of  evaluation — formative  evaluation  and  summative 
evaluation.  Summative  evaluation  is  directed  toward  an  assessment  of 
the  students'  achievement  of  the  course  objectives  or  some  substantial 
part  of  the  objectives.  Summative  examinations  usually  occur  infre¬ 
quently,  two  or  three  times  for  one  course,  and  focus  more  on  the 
"broader"  objectives  of  the  course.  Those  students  who  attain  a 
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predetermined  mastery  level  receive  an  A  grade  (or  equivalent)  and 
those  who  fail  to  attain  the  mastery  level  receive  appropriately  lower 
grades.  Bloom  et  al.  (1971)  indicated  how  the  technical  characteristics 
of  validity,  reliability,  and  scoring  objectively  need  to  be  carefully 
considered  when  using  summative  testing. 

The  term  "formative  evaluation"  was  first  used  by  Scriven  (1967) 
in  connection  with  curriculum  improvement.  In  his  view,  formative 
evaluation  involved  the  collection  of  data  during  the  construction  and 
trying  out  of  a  new  curriculum  in  such  a  way  that  revisions  of  the 
curriculum  could  be  based  on  this  data.  However,  formative  evaluation 
has  now  been  extended  for  use  in  the  teaching  and  learning  process  for 
the  purpose  of  improvement  of  that  process.  The  most  important  use  of 
formative  evaluation  in  mastery  learning  is  in  providing  immediate  and 
continuous  information  regarding  a  student's  progress.  This  information 
can  be  used  to  direct  or  correct  subsequent  learning.  Airasian  (1971) 
believed  formative  evaluation  should  occur  frequently  so  as  to  identify 
unmastered  objectives  early  enough  to  permit  their  correction  before 
the  summative  evaluation.  This  is  especially  important  in  those 
sequential  courses  where  objectives  learned  in  the  early  stages  of 
instruction  form  the  basis  for  learning  later  objectives. 

One  technique  of  formative  evaluation  is  to  evaluate  all  the 
objectives  of  a  unit  in  terms  of  mastery  or  non-mastery.  Bloom  et  al. 
(1971)  have  used  accuracy  levels  of  80  to  85  per  cent  on  each  formative 
test  as  an  indication  of  mastery.  Block  (1971a)  reported  a  study 
involving  eighth  graders  where  different  mastery  levels  were  established 
for  six  different  groups.  Each  group  had  a  pre-established  level  of 
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mastery.  These  were  0,  65,  75,  85,  and  95  per  cent  mastery.  The 
results  are  rather  Interesting.  First,  the  95  per  cent  mastery  level 
group  produced  maximal  cognitive  learning  (achievement,  transfer  and 
retention)  but,  had  long  run  negative  effects  on  student  interest  and 
attitudes.  Maintenance  of  the  85  per  cent  level  produced  maximal 
interest  and  attitudes,  but  slightly  less  than  optimal  cognitive 
learning. 

Airasian  (1971)  made  the  important  point  that  the  formative 
test  should  be  scored  in  terms  of  item  response  patterns  so  that  each 
unmastered  objective  can  be  identified  for  the  purpose  of  the  student. 
That  is,  the  student  must  be  able  to  recognize  from  his  marked  forma¬ 
tive  test  those  objectives  he  has  not  mastered  and  what  he  needs  to  do 
to  master  those  objectives. 

What  corrective  procedures  can  be  used  to  help  a  student  master 
the  "unlearned"  objectives?  There  is  a  wide  variety  of  instructional 
correctives  that  can  be  used,  such  as: 

1.  individual  tutoring, 

2.  small  group  sessions,  and 

3.  alternative  learning  materials. 

Probably  the  most  effective  method  is  individual  tutoring,  if  it  is 
feasible  in  terms  of  cost  and  time.  At  the  college  level,  it  is 
possible  to  use  para-professionals  and/or  paid  student  tutors.  The 
small  group  sessions  usually  involve  two  to  four  students,  with  or 
without  the  teacher,  who  meet  at  specific  times  to  discuss  specific 
learning  problems.  For  those  students  who  have  the  perserverance  and 
interest  to  correct  their  learning  problems  themselves,  the  use  of 
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alternative  learning  materials  can  be  effective.  These  alternative 
materials  can  involve  alternative  textbooks,  programmed  workbooks, 
audio-visual  materials,  such  as  motion  pictures,  film  strips,  cassette 
tapes,  and  games. 

Previous  research  has  indicated  that  the  use  of  f eedback/correc- 
tion  procedures  can  significantly  improve  student  achievement.  One 
study  worth  noting  is  that  of  Collins  (1970),  who  investigated  the 
effectiveness  of  the  different  variables  in  Bloom’s  mastery  learning 
strategy  for  teaching  modern  mathematics  at  the  grade  eight  level.  The 
course  was  divided  into  units  with  a  list  of  objectives  for  each  unit. 
Each  list  indicated  the  objectives  to  be  covered  per  class  session  and 
assignment.  Group  A  was  given  only  the  lists  of  objectives.  Group  B 
was  given  the  lists  plus  a  problem  during  each  session  testing  the 
objectives  covered  in  the  previous  session  and  assignment.  After 
working  on  the  problem,  it  was  discussed  and  questions  were  answered. 
Specific  corrective  directions  were  then  provided  for  using  the  text¬ 
book,  notes,  and  handouts  to  learn  the  objectives  not  mastered. 

Group  C  received  the  lists  of  objectives,  the  diagnostic  problems,  and 
the  review  prescriptions.  In  addition,  learning  resources  such  as 
textbooks,  workbooks,  games,  and  SRA  instructional  kits  were  given. 
Group  D  received  only  the  problems  and  review  prescriptions.  Group  E 
received  only  the  problems.  Group  F  received  none  of  the  extra  mate¬ 
rials  and  had  only  their  classwork  and  assignments.  All  classes  were 
given  the  same  tests  based  on  the  objectives.  Of  Groups  B  and  C,  80 
per  cent  achieved  mastery  (Grade  A  or  B) .  Groups  D,  A,  and  E  had  70, 
60,  and  50  per  cent  respectively  achieved  mastery.  Collins  suggested 
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chat  these  results  indicate  the  great  importance  of  specifying  objec¬ 
tives  and  the  major  effects  that  diagnostic  testing  can  have  on  student 
achievement  when  used  with  a  corrective  prescription. 

The  use  of  criterion-referenced  tests  (comparing  students' 
performance  in  terms  of  predetermined  standards)  has  created  recent 
controversy.  (Formative  tests  may  be  classified  as  criterion- 
referenced.)  Ebel  (1971)  attacked  not  only  criterion-referenced  tests 
but  mastery  learning  as  well.  His  arguments  against  criterion- 
referenced  tests  were: 

1.  They  do  not  tell  us  all  we  need  to  know  about  achievement. 

2.  They  are  difficult  to  obtain  on  any  sound  basis. 

3.  They  are  necessary  for  only  a  small  fraction  of  important 
educational  achievements. 

Block  (1971b)  defended  the  use  of  criterion-referenced  tests  and  pointed 

out  weaknesses  in  Ebel's  arguments.  In  his  paper,  Block  emphasized  the 

importance  of  criterion-referenced  tests  and  objectives  in  the  feedback/ 

correction  aspect  of  master  learning: 

The  findings  to  date  suggest  that  prespecified  instructional  objec¬ 
tives  provide  a  key  to  maximally  effective  classroom  instruction 
when  put  into  operation  in  the  form  of  criterion-referenced  measure¬ 
ments  for  use  in  a  feedback/correction  system.  [Block,  1971b: 294] 

Affective  consequences  of  mastery  learning.  Bloom  (1971b)  traced 
the  process  by  which  the  present  educational  system  destroys  a  large 
number  of  students'  interest  in  learning,  creates  in  the  student  a 
negative  attitude  toward  himself  and  the  school,  and  infects  a  number 
of  students  with  mental  health  problems.  Both  Block  and  Bloom  indicated 
that  research  findings  reveal  a  clear  relationship  between  a  student's 
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academic  performance  and  both  his  self-concept  and  his  mental  health. 

They  also  claimed  that  if  a  student  can  be  provided  with  successful 

experiences  in  a  given  task  then  his  confidence  in  his  ability  to 

perform  similar  and  related  tasks  will  increase.  Further  continued 

success  over  a  long  period  of  time  may  constitute  a  form  of  immunization 

against  anxiety  and  emotional  problems.  Block  (1971a)  claimed  that 

research  shows  that  mastery  learning  methods  produce 

.  .  .  greater  interest  in  and  better  attitudes  toward  the  material 
learned  than  more  conventional  approaches.  They  seem  to  help  most 
students  overcome  feelings  of  defeatism  and  passiveness  brought  to 
learning.  Their  powerful  affective  consequences  may  be  attributed 
to  many  factors,  the  most  important  of  which  seem  to  be  the  co¬ 
operative  rather  than  the  competitive  learning  conditions,  success¬ 
ful  and  rewarding  learning  experiences,  personalized  attention  to 
each  student’s  learning  problems  and  the  use  of  certain  correctives 
(for  example,  student  tutors  and  small  group  study  sessions)  which 
add  a  personal-social  aspect  to  the  learning  not  typical  of  group- 
based  instruction.  [1971a: 97] 

The  independent  study  method  used  in  the  present  study  adopted 
mastery  learning  features  and  is  described  in  Chapter  III. 


THE  LECTURE  METHOD 


The  lecture  method  has  been  the  basic  method  of  instruction  in 
higher  education  for  centuries.  Most  educators  have  been  brought  up  with 
the  lecture  and  many  are  disenchanted  with  the  method  as  the  only  method 
for  all  courses,  all  students,  and  all  teachers.  However,  the  lecture 
has  survived  and  has  advantages  as  well  as  disadvantages  as  a  mode  of 
instruction. 

The  traditional  lecture  method  is  usually  considered  as  the 
approach  to  instruction  whereby  the  instructor  gives  a  verbal  presenta¬ 
tion  to  a  passively  receptive  audience.  Student  participation,  if  any 
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at  all,  is  generally  limited  to  asking  questions  of  the  lecturer.  There 
can  be  variations  in  the  amount  of  student-teacher  discussion  in  a 
lecture  setting.  Most  lecture  settings  in  undergraduate  mathematics 
programs  are  supplemented  by  a  weekly  group  tutorial  session.  This 
tutorial  session  can  take  the  form  of  a  teacher  meeting  with  a  subset  of 
the  students  to  answer  questions  and  help  students  with  the  solution  of 
problems . 

McLeish  (1968)  questioned  the  worth  of  the  lecture  approach  when 
he  wrote: 

The  new  orientation  of  the  universities  towards  technology  and 
modern  science  raise  doubts  about  the  efficiency  of  the  transmission 
of  academic  materials  by  the  traditional  method  of  an  uninterrupted 
discourse,  often  without  benefit  of  rest  pauses,  of  variety  of 
presentation  and  pace,  of  visual  materials — sometimes  devoid  of 
human  warmth  and  intelligibility.  [1968:3] 

McLeish  also  indicated  that  lecturing  is  an  art  and  the  lecturer  must 

possess  a  variety  of  skills  which  are  not  easily  attained.  One  of  the 

main  disadvantages  is  that  it  pays  little  attention  to  the  individual 

differences  among  the  students.  Another  disadvantage  of  the  lecture  is 

that  it  tends  to  encourage  undesirable  attitudes  to  learning.  McLeish 

indicated  this  last  point  when  he  said: 

Where  there  are  compulsory  lectures  buttressed  by  examination 
pressures,  it  is  more  or  less  inevitable  that  students,  and  to  some 
extent  their  teachers,  learn  to  regard  knowledge  as  a  closed 
system.  [1968:47] 

The  lecture  method  does  have  virtues  as  a  mode  of  instruction. 

It  can  be  used  effectively  in  introducing  new  topics  or  new  material  to 
the  student  or  in  motivating  the  students  to  a  new  topic.  The  lecture 
can  be  advantageous  in  synthesizing  previous  learned  ideas  to  provide 
an  overview  and  in  relating  currently  topical  events.  McLeish  stressed 
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this  advantage  in  the  following  quote. 

By  the  use  of  the  lecture  technique  the  scholar  can  readily  inspire 
an  audience  with  his  own  enthusiasm;  he  can  capture  the  imagination 
of  his  auditors  with  the  relationship  of  his  special  field  to  human 
destiny  and  human  purposes;  he  can  communicate  the  latest  results 
of  the  painstaking  efforts  of  his  fellow-scholars  on  man's  present 
and  future  estate.  The  lecture  method  enables  him  to  achieve  these 
ends  with  the  utmost  of  means.  [1968:47] 

McLeish  carried  out  a  series  of  experiments  from  1964  to  1966  to 
determine  the  effectiveness  of  the  lecture  method.  In  one  study  on 
attitudes  to  methods  of  instruction  he  found  that  older  and  mature 
students  strongly  disfavour  the  lecture.  They  favoured  more  student- 
centred  teaching  methods.  The  academically  superior  students  disliked 
the  lecture  method  more  than  other  students.  The  students  involved  in 
the  study  were  education  students  attending  the  Cambridge  Institute  of 
Education.  McLeish  (1968)  reported  that  research  has  shown  a  sequence 
in  student  "performance"  during  a  sixty-minute  lecture  situation.  The 
sequence  consists  of  three  steps: 

1.  An  initial  spurt  which  lasts  approximately  five  minutes. 
Student  "efficiency"  is  at  a  maximum  during  this  period. 

2.  A  middle  sag  which  clearly  results  from  a  combination  of 
boredom  and  fatigue.  This  sag  reaches  its  lowest  point 
after  approximately  forty  minutes. 

3.  An  end  spurt  which  continues  to  improve  to  the  end  of  the 
lecture  but  does  not  reach  the  initial  level. 

He  indicated  that  there  is  seldom  a  radical  departure  from  this  typical 
pattern. 

With  regard  to  student  retention,  McLeish  reported: 
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Students  listening  to  an  uninterrupted  discourse  within  their  range 
of  understanding  and  taking  notes  in  their  normal  fashion,  carry 
away  something  of  the  order  of  40  per  cent  of  the  factual  data,  the 
theoretical  principles  stated,  and  the  general  applications  referred 
to  by  the  lecturer.  A  week  later  they  have  forgotten  at  least  half 
of  this  material.  But  there  are  considerable  individual  differences, 
of  the  order  3:1,  between  the  best  and  the  worst  case.  [1968:12] 

Many  of  the  studies  referred  to  later  in  this  chapter  have  used 
the  lecture  method  (or  variations  of  it)  as  a  mode  of  instruction. 
Entwistle  and  Entwistle  (1970),  King  (1972),  and  Domino  (1971)  reported 
results  relating  student  characteristics  to  academic  achievement  at  the 
university  level  when  one  of  the  instructional  methods  used  was  the 
lecture  method.  A  study  related  to  effects  of  students  choosing  their 
preferred  teaching  mode  (including  the  lecture  method)  is  reported  here. 

Pascal  (1971)  investigated  the  effects  of  offering  three  instruc¬ 
tional  options  (lecture,  lecture-discussion,  and  independent  study)  to 
students  in  a  psychology  course.  In  addition  to  studying  whether  or  not 
students  did  better  when  given  their  preferred  method  of  learning,  the 
study  investigated  the  possible  differential  effectiveness  of  the  three 
methods  on  different  instructional  outcomes.  The  subjects  were  185 
students  enrolled  in  a  psychology  course  at  the  University  of  Michigan 
during  1969.  The  criterion  test  consisted  of  items  covering  the  course 
material  and  was  prepared  by  the  researcher.  Two  levels  of  items  were 
included  in  the  test:  Level  1  contained  items  corresponding  to  the 
Knowledge  and  Comprehension  objectives  of  Bloom's  Taxonomy,  whereas 
Level  2  contained  items  corresponding  to  the  Applications  objectives  of 
the  same  taxonomy.  The  Attitude  Toward  Psychology  Questionnaire, 
prepared  by  Carrier,  was  given  to  the  students  at  the  beginning  and  end 
of  the  course.  In  addition,  the  students  evaluated  a  seven-page  novel 
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article  toward  the  end  of  the  semester  and  a  score  was  given  for  the 
resulting  evaluation.  An  essential  criterion  for  the  evaluation  was  a 
succinct  integration  of  course  material.  Receiving  one’s  preferred 
option  had  no  significant  effect  on  the  criterion  outcome;  however, 
those  students  receiving  their  preferred  option  had  a  more  positive 
attitude  towards  psychology  than  the  other  students.  Students  in  the 
lecture-discussion  and  lecture  options  performed  significantly  better 
than  the  independent  study  students  on  the  Level  1  items  of  the  criterion 
test.  For  the  evaluation  of  the  novel  article  the  independent  study 
students  scored  significantly  better  than  those  students  in  the  other 
two  options. 

A  review  of  the  research  relating  aptitude,  personality,  and 
motivation  factors  to  academic  achievement  is  now  given. 

APTITUDE  FACTORS 

Intelligence  has  long  been  recognized  as  a  crucial  factor  in  the 
academic  success  of  man.  For  about  the  first  thirty  years  of  this 
century,  it  was  generally  accepted  (due  primarily  to  the  work  of 
Spearman)  that  one  single  general  factor  of  intelligence  accounted 
fairly  satisfactorily  for  all  the  manifestations  of  human  ability.  In 
fact,  this  still  remains  the  viewpoint  of  the  layman  insofar  as  general 
intelligence  tests  and  measurements  of  I.Q.  are  still  widely  used. 
Thurstone  (1947)  established  a  set  of  primary  abilities.  This  did  not 
contradict  the  concept  of  a  general  intelligence  as  further  analysis  of 
his  primary  factors  resulted  in  a  second-order  factor  of  general 
ability.  In  more  recent  years  Guilford  and  associates  (see  Guilford  and 
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Hoepfner,  1971)  have,  by  the  use  of  factor  analytic  methods,  isolated 
nearly  100  primary  factors  of  intelligence.  Cat tell  (1963)  suggested 
that  the  Guilford  abilities  are  relatively  specific  and  combinable  to 
form  minor  group  factors,  then  major  group  factors,  and  then  still  more 
basic  general  factors,  forming  a  hierarchical  structure.  Cattell  has 
theorized  about  the  existence  and  nature  of  two  general  factors:  fluid 
intelligence  and  crystallized  intelligence.  Cronbach  and  Snow  (1969) 
pointed  out  that  some  form  of  hierarchical  structure  is  endorsed  by 
nearly  all  recent  theorists  and  that,  "at  the  peak  of  the  system  is 
something  called  £,  or  fluid  intelligence  which  is  now  being  distinguished 
from  crystallized;  ..."  (1969:53). 

Aiken  (1971)  reviewed  recent  research  associated  with  the  effect 

of  intellectual  variables  on  achievement  in  mathematics.  He  stated: 

The  view  that  performance  in  mathematics  depends  upon  a  number  of 
abilities  is  reflected  in  prediction  studies  (e.g.,  Hills,  1957; 
Guilford,  Hoepfner,  and  Peterson,  1965;  Wampler,  1965).  These 
investigations  demonstrated  that  composites  of  "factor  pure" 
aptitude  measures  can  improve  the  prediction  of  achievement  in 
college  algebra  and  calculus.  [1971:202] 

Aiken  pointed  out  that  recent  factor  analytic  studies  of  mathematical 

abilities  have  resulted  in  a  "modest  degree  of  agreement"  in  the 

identification  of  factors.  Some  of  the  factors  identified  were 

numerical  ability,  verbal  comprehension,  and  deductive  reasoning. 

What  is  the  relationship  between  abilities  and  mathematical 
achievement  for  different  methods  of  instruction?  It  is  generally 
agreed  that  some  form  of  general  intelligence  factors  are  strongly 
related  to  learning  in  many  instructional  situations.  For  the  idea  of 
aptitude-treatment  interaction  (ATI)  it  is  assumed  that,  for  a  student 


- 


28 


having  a  particular  pattern  of  abilities,  certain  techniques  of  instruc¬ 
tion  in  a  particular  subject  area  are  more  effective  than  others. 

Aiken  (1971)  listed  only  two  clear-cut  cases  where  "disordinal  inter¬ 
actions"  have  been  reported.  These  are  the  studies  of  King,  Roberts, 
and  Kropp  (1969)  and  Behr  (1967).  Behr's  study  involved  college  students 
and  significant  interactions  between  aptitude  factor  (figural  or 
semantic)  and  method  of  instruction  (figural  or  verbal)  were  obtained. 

Leidtke  (1971)  reported  a  study  of  the  relationship  of  student 
characteristics  and  mathematics  learning  in  a  self-directed,  partially 
teacher-directed, and  teacher-directed  setting.  The  subjects  were  grade 
five  students  from  the  Edmonton  Public  School  Board:  51  in  the  self- 
directed  group,  53  in  the  partially-directed  group,  and  37  in  the 
teacher-directed  group.  A  criterion  test  was  given  at  the  end  of  the 
study  and  again  four  weeks  later  to  obtain  a  measure  of  initial  learning 
and  retention,  respectively.  Five  predictor  variables  were  used.  The 
first  was  a  measure  of  intelligence  based  upon  the  California  Short- 
Form  Test  of  Mental  Maturity  (Level  2) .  The  second  was  a  measure  of 
reading  ability  as  determined  by  the  Paragraph  Meaning  Test  of  the 
Stanford  Achievement  Test-Reading  (Intermediate  I) .  Two  variables 
(personal  adjustment,  social  adjustment)  were  measured  by  the  California 
Test  of  Personality  (Elementary-Form  AA) .  The  fifth  variable  was  a 
measure  of  socio-economic  status  as  determined  by  matching  the  father’s 
occupation  against  occupations  listed  in  Blishen's  Revised  Occupational 
Class  Scale.  No  significant  correlations  existed  between  the  predictor 
variables  and  scores  on  the  initial  learning  and  retention  test  for  the 
subjects  in  the  self-directed  group.  Significant  relationships  existed 
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between  intelligence,  personal  adjustment,  social  adjustment,  reading 
ability  and  the  initial  learning  and  retention  test  scores  for  the 
students  in  the  partially-directed  group.  For  the  teacher-directed 
subjects,  significant  correlations  existed  between  intelligence,  reading 
ability,  and  the  initial  learning  and  retention  scores.  Leidtke  concluded 
that  in  a  teacher-directed  setting  the  most  important  predictor  variable 
of  mathematics  achievement  is  intelligence.  However,  in  the  self- 
directed  group,  changes  in  the  leadership  style  of  the  teacher  resulted 
in  different  behaviour  reactions  of  the  students;  even  with  intellectual 
ability  failing  to  show  up  as  a  reliable  predictor  of  mathematics 
achievement.  Other  studies  involving  aptitude  factors  will  be  reported 
in  later  parts  of  this  chapter  since  these  factors  are  studied  in 
conjunction  with  personality  and  motivation  factors. 

In  view  of  the  major  role  aptitude  factors  usually  play  in  predic¬ 
ting  mathematics  achievement,  selected  aptitude  factors  were  a  subset 
of  the  student  characteristics  selected  in  Chapter  III.  Aiken  (1970) 
recommended  that  future  studies  related  to  predicting  mathematical 
achievement  should  include  non-intellectual  as  well  as  intellectual 
variables  since  only  about  half  of  the  variance  in  mathematical  achieve¬ 
ment  can  be  accounted  for  by  differences  in  abilities.  Cattell  et  al. 
(1966)  have  gone  as  far  as  to  suggest  that  25  per  cent  of  the  total 
variance  may  be  accounted  for  by  personality  factors. 

PERSONALITY  FACTORS 

In  the  early  part  of  this  century  the  study  of  personality  was  of 
secondary  importance  to  the  study  of  intellectual  abilities  as  far  as 
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predicting  academic  success  was  concerned.  Cattell  and  Butcher  (1968) 
summarized  the  approaches  that  have  helped  our  understanding  of 
personality  over  the  years.  The  first  approach  comprises  the  literary 
insights  of  writers  who  built  up  a  body  of  intuitive  knowledge  before 
psychology  appeared  as  a  science  in  the  late  nineteenth  century.  This 
approach  has  more  recently  been  absorbed  into  the  psychology  and  is 
represented  by  such  psychologists  as  Allport,  Murphy,  and  Klages.  The 
second  approach  is  a  purely  experimental  attack  originating  in  the 
laboratories  of  Wundt  in  Germany  and  J.  McKeen  Cattell  in  America. 
Thirdly,  the  clinical  approach  made  great  strides  with  the  work  of 
Freud,  Adler,  and  Jung. 

Cattell  (relative  of  J.  McKeen  Cattell)  and  Butcher  (1968)  stated 
that  the  experimental  approach  made  relatively  little  progress  until  the 
last  twenty  years.  The  reason  for  the  recent  success  has  been  the  switch 
to  multi-variate  experimental  work  from  two-variable  experimental  work. 
Around  1930  investigators  such  as  Cattell  and  Guilford  started  investi¬ 
gating  personality  by  the  methods  of  correlation  and  factor  analysis 
that  were  being  used  in  the  study  of  abilities.  In  the  last  few  years 
results  have  come  fairly  quickly  due  mainly  to  the  efforts  of  Cattell 
and  his  associates  in  America  and  by  Eysenck  and  his  associates  in 
England.  However,  Eysenck  has  concentrated  more  on  the  needs  of  clini¬ 
cal  psychologists  whereas  Cattell  has  aimed  at  the  whole  personality 
sphere  in  normal  adults  and  children.  At  present  there  are  some 
twenty  to  forty  primary  factors  of  personality  that  have  been  found. 
Cattell  and  Nichols  (1972)  stated,  "Although  disputes  about  the  number 
and  nature  of  primary  personality  factors  in  questionnaire  data  are 
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still  rife,  there  is  promise  of  some  agreement  about  the  second  order" 
(1972:187) . 

Many  studies  of  the  relationships  between  personality  factors 
and  academic  achievement  have  been  concerned  with  the  second-order 
factors  of  neuroticism  and  extraversion.  The  results  show  some  con¬ 
flicting  findings  but  there  is  a  fair  amount  of  agreement  that  both 
neuroticism  and  extraversion  are  relevant  to  academic  success.  Three 
recent  studies  that  included  these  two  factors  follow. 

Elliott  (1972)  investigated  the  relationship  between  reading 
attainment,  intelligence,  extraversion,  and  neuroticism  in  groups  of 
primary  children  in  England.  Three  groups,  totalling  322  students, 
were  involved  in  the  study.  The  Schonell  Graded  Word  Reading  Test 
and  the  Moray  House  Picture  Intelligence  Test  were  administered  to 
obtain  reading  and  intelligence  scores,  respectively.  A  Junior  Eysenck 
Personality  Inventory  was  used  to  obtain  extraversion  and  neuroticism 
scores.  A  high  positive  correlation  between  extraversion  and  reading 
attainment  was  found.  Neuroticism  was  negatively  correlated  with 
scholastic  attainment. 

The  aim  of  the  Brown  (1970)  study  was  to  examine  the  neuroticism- 
performance  relationships  in  school  children,  using  a  task  with  unlimited 
time.  The  sample  consisted  of  147  third-year  students  randomly  selected 
from  a  single  comprehensive  school  in  the  Midlands  of  Scotland.  The 
mean  age  was  13.7  years.  The  task  involved  learning  a  mathematics  unit 
dealing  with  number  bases.  Success  was  judged  by  a  score  on  a  test  at 
the  completion  of  the  task.  Neuroticism  was  measured  by  the  Junior 
Eysenck  Personality  Inventory.  The  conclusion  of  the  study  was  that  the 
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results  gave  strong  support  to  the  curvilinear  relationship,  in  the  form 
of  an  inverted  MU,"  between  neuroticism  and  success. 

Entwistle  and  Entwistle  (1970)  examined  the  relationship  between 
personality,  study  methods,  and  academic  performance.  The  subjects 
consisted  of  257  first-year  university  students  who  were  volunteers  for 
the  study.  The  students  completed  a  student  attitude  questionnaire  which 
included  a  section  on  study  habits  and  completed  either  Form  A  or  Form  B 
of  the  Eysenck  Personality  Inventory.  The  questionnaire  and  inventory 
yielded  four  scores:  motivation,  study  methods,  extraversion,  and 
neuroticism.  Previous  academic  achievement  was  assessed  as  the  sum  of 
A-level  grades  and  a  criterion  of  academic  performance  at  the  end  of  the 
first  year  was  obtained.  The  criterion  was  the  sum  of  marks  from  three 
subjects.  Motivation  and  study  methods  were  related  to  academic  perfor¬ 
mance,  though  the  correlations  were  not  consistently  significant.  The 
relationship  between  neuroticism  and  academic  performance  was  not  signi¬ 
ficant;  however,  the  relationship  between  extraversion  and  academic 
achievement  was  significantly  correlated  in  the  negative  direction.  A 

multiple  correlation  of  0.36  was  obtained  using  study  methods,  extra¬ 
version,  and  motivation  as  predictor  variables.  The  authors  concluded 
that  the  successful  student  tended  to  have  below  average  scores  on 
extraversion,  together  with  high  scores  on  the  study  methods  and 
motivation  scales. 

Eysenck  (1972)  stated: 

Much  work  has  been  done  in  relation  to  anxiety,  neuroticism,  and 
extraversion-introversion,  both  with  school  children  and  with 
students,  but  results,  although  suggestive,  have  not  been  consistent 
and  correlations  between  personality  and  attainment  have  not  usually 
been  very  high.  There  is  a  fair  amount  of  agreement  that  both 
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neuroticism  and  extraversion  are  relevant  to  success  (Warburton, 
1968),  but  the  relationships  observed  seem  to  depend  on  the  age 
of  the  subjects  (or  possibly  on  the  formal  nature  of  the  teaching, 
or  the  selection  policies  employed — these  three  factors  are  so 
closely  interwoven  that  it  is  difficult  to  separate  them  out).  At 
primary  school,  extraversion  and  stability  seem  to  predispose  the 
child  to  success;  at  secondary  school,  introversion  and  stability; 
at  University,  introversion  and  neuroticism  ....  [1972:40] 

Entwistle  (1972)  pointed  out  that  research  using  Eysenck's 
inventories  have  necessarily  concentrated  on  the  factors  of  extraversion 
and  neuroticism.  Factor  analysis  designed  to  produce  unrelated  factors 
allowed  Eysenck  to  choose  items  for  his  inventory  which  measured  the 
extraversion  and  neuroticism  factors.  Cattell  preferred  to  use  an 
alternative  method  of  factor  analysis  which  produces  inter-related 
factors.  Investigations  into  the  relationship  between  personality  and 
academic  attainment  have  used  both  types  of  inventory.  Entwistle 
reported  that  with  respect  to  extraversion  the  research,  using  Cattel's 
tests,  indicated  the  same  age  trend  as  noted  by  Eysenck.  Stable  extra¬ 
version  is  related  to  success  in  the  primary  school.  By  age  eighteen, 
introversion  and  possibly  emotional  instability  seem  to  be  related  to 
academic  success.  He  also  claimed  the  existence  of  convincing  evidence 
for  the  superiority  of  the  introvert  in  higher  education. 

A  study  concerned  with  the  effects  of  intellectual  and  personality 
factors  on  academic  achievement  using  Cattell' s  instruments  follows. 

Barton,  Dielman,  and  Cattell  (1971)  assessed  the  relative  impor¬ 
tance  of  ability  and  personality  variables  in  the  prediction  of  school 
achievement  in  a  variety  of  areas.  The  subjects  consisted  of  169 
sixth-grade  and  142  seventh-grade  students  enrolled  in  a  junior  high 
school  in  Illinois.  The  students  completed  the  Culture  Fair  Intelligence 
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Test  (CFIQ)  and  the  High  School  Personality  Questionnaire  (HSPQ)  in 
January,  1970.  In  March,  1970,  four  standardized  achievement  tests 
(Educational  Testing  Service)  in  the  areas  of  mathematics,  science, 
social  studies,  and  reading  were  written.  Correlations  between  any 
given  personality  factor  and  achievement  score  were  of  the  same  general 
magnitude  and  sign  over  all  four  types  of  achievement  tests  within  any 
grade  (ignoring  non-significant  correlations).  Factors  that  were  sig¬ 
nificantly  related  to  all  four  measures  of  achievement  in  both  grades 
were  the  two  measures  of  I.Q.  (Factor  B  of  the  HSPQ  and  the  CFIQ)  and 
Factor  G  of  the  HSPQ,  a  measure  of  conscientiousness.  In  the  sixth 
grade.  Factor  A  (warm-hearted  participation)  and  Factor  H  (adventurous¬ 
ness)  were  significantly  related  to  achievement  in  mathematics.  In  the 
seventh  grade,  Factor  C  (emotional  stability).  Factor  E  (dominance), 
Factor  H,  Factor  I  (tough-mindedness) ,  Factor  J  (desire  of  group  action). 
Factor  0  (self-assuredness),  and  Factor  Q^  (exacting  will  power)  were 
significantly  correlated  with  achievement  in  mathematics.  Note  that 
Factor  H  was  one  factor  related  to  mathematics  achievement  in  both 
grades.  By  the  use  of  multiple  regression  analysis  the  following  results 
were  found: 

1.  The  HSPQ  accounted  for  44  per  cent  and  43  per  cent  of  the 
variance  in  mathematical  achievement  in  grades  six  and  seven 
respectively. 

2.  The  CFIQ  test  accounted  for  36  per  cent  and  43  per  cent  of 
the  variance  in  mathematical  achievement  in  grades  six  and 
seven  respectively. 

The  personality  factors  (excluding  Factor  B)  of  the  HSPQ 
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accounted  for  19  and  27  per  cent  of  the  variance  in  mathe¬ 
matical  achievement  in  grades  six  and  seven  respectively. 

4.  The  use  of  both  the  HSPQ  and  CFIQ  tests  accounted  for  53  per 
cent  and  55  per  cent  of  the  total  variance  in  mathematical 
achievement  in  grades  six  and  seven  respectively. 

Barton  et  al.  (1971)  found  evidence  that  personality  factors 
seem  to  have  differential  importance  with  respect  to  grade  level.  Thus, 
one  would  not  necessarily  expect  the  important  factors  of  the  above 
study  to  be  important  for  the  prediction  of  mathematics  achievement  at 
the  college  level;  however,  it  seems  reasonable  to  expect  personality 
factors  to  have  a  significant  contribution  to  the  prediction  of  mathe¬ 
matical  achievement  at  that  level. 

What  is  the  relationship  between  personality  factors  and  academic 
achievement  for  different  modes  of  instruction?  Research  dealing  with 
this  question  appears  to  be  scarce;  however,  several  ongoing  studies  are 
listed  in  Inventory  of  Current  Research  on  Post-Secondary  Education — 
1972  by  Hefferlin,  Bloom,  Gaff,  and  Longacre. 

King  (1972)  studied  associations  between  cognitive  and  affective 
changes  and  psychological  traits  in  two  teaching  settings.  The  open 
learning  method  was  a  student-centred  mode  in  which  students  were 
randomly  assigned  to  small  groups  of  five  or  six  but  were  free  to  change 
from  one  group  to  another  or  to  do  independent  study  whenever  they 
desired  to  do  so.  Students  in  the  open  learning  group  planned  their  own 
learning  experiences,  within  the  confines  of  a  departmental  course  out¬ 
line,  and  contributed  to  their  own  evaluation.  The  other  group  was 
taught  using  the  traditional  lecture  method.  There  were  49  college 
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mathematics  students  in  the  open  learning  group  and  43  college  mathema¬ 
tics  students  in  the  lecture  group.  Pre-test  and  post-test  data  were 
collected  on  two  cognitive  variables  (structure  of  real  numbers  and 
statistics-probability)  and  four  affective  variables  (attitude,  self- 
concept,  anxiety,  and  interest).  Structure  of  the  Number  System,  Form  A, 
developed  by  Educational  Testing  Service  and  a  statistics  and  probability 
test,  designed  by  the  researcher,  gave  measures  of  the  two  cognitive 
variables.  Affective  trait  scores  were  obtained  from  Ideas  and  Prefer¬ 
ences,  Form  2151,  from  the  National  Longitudinal  Study  of  Mathematical 
Abilities  Z-Population  Test  Batteries.  Gough's  California  Psychological 
Inventory  was  used  to  measure  the  psychological  traits.  Significant 
positive  correlations  were  found  with  cognitive  changes  under  the 
lecture  method  on  the  factors  of  responsibility,  sociability,  social¬ 
ization,  and  femininity.  Significant  positive  correlations  between  the 
cognitive  changes  and  self-control  were  found  under  the  open  learning 
system.  Significant  negative  correlations  with  cognitive  changes  and 
social  presence  were  also  found  under  the  open  learning  method.  The 
study  also  reported  that  attrition  in  the  open  learning  classes  was 
considerably  lower  than  in  the  lecture  classes. 

Domino  (1971)  reported  a  study  of  the  interaction  between  student 
achievement  orientations  and  teaching  styles.  One  purpose  of  the  study 
was  to  ascertain  the  effect  of  this  interaction  on  academic  achievement 
and  the  student's  expressed  satisfaction  with  his  scholastic  environment. 
The  subjects  involved  900  university  freshman  students.  In  1968,  they 
were  administered  the  California  Psychological  Inventory  (CPI) .  From  a 
frequency  distribution  of  scores  on  the  Achievement -via-Conformance  (Ac) 
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and  Achievement-via- Independence  (Ai)  scales  of  the  CPI,  50  High  Ac-low 
Ai  and  50  low  Ac-high  Ai  students  were  identified.  In  1969,  these  100 
students  were  assigned  to  four  introductory  psychological  sections, 
with  the  same  instructor,  and  in  such  a  way  so  that  each  section  con¬ 
tained  25  students,  with  relatively  equal  sex  composition  and  comparable 
mean  S.A.T.  scores.  One  group  of  high  Ai  students  and  one  group  of 
high  Ac  students  were  taught  in  a  lecture  situation  or  a  "conforming" 
manner.  One  group  of  high  Ai  students  and  one  group  of  high  Ac  students 
were  taught  in  an  "independent"  manner.  All  students  wrote  the  same 
final  examination,  consisting  of  two  parts:  one  part  of  multiple- 
choice  questions,  and  one  part  of  essay  questions.  Students  also 
evaluated  the  course  and  instructor.  Domino  concluded: 

The  results  indicated  that  students  taught  in  a  manner  consonant 
with  their  achievement  orientation  obtained  significantly  higher 
means  on  the  multiple-choice  items,  on  factual  knowledge  ratings 
of  their  essay  answers  and  on  their  ratings  of  teacher  effective¬ 
ness  and  course  evaluation  than  their  peers  taught  in  a  dissonant 
manner.  [1971:427] 

In  view  of  the  reported  relationships  between  personality  factors 
and  academic  achievement,  personality  factors  were  a  subset  of  the 
student  characteristics  selected  in  Chapter  III. 

Other  studies  involving  personality  factors  follow  in  the  next 
section  since  these  studies  also  involved  motivational  factors. 

MOTIVATIONAL  FACTORS 

The  term  "motivation"  is  probably  used  in  education  as  commonly 
as  the  term  "ability"  as  an  explanation  as  to  why  students  do  or  do  not 
learn  in  academic  situations.  Clark  (1970)  said: 
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While  "ability"  summarizes  observations  in  such  a  fashion  as  to 
denote  what  an  organism  can  do  or  is  able  to  do,  "motivation" 
tends  to  summarize  observations  as  to  what  an  organism  wants  to 
do.  [1970:17] 

During  the  past  twenty  years  there  have  been  many  studies  in  the 
area  of  motivation  (achievement  motivation  and  need  achievement  are 
usually  synonymous  with  motivation) .  The  pioneering  work  of  McClelland 
and  Atkinson  provided  the  basis  for  a  large  body  of  information  pertain¬ 
ing  to  the  topic  of  motivation.  Much  of  this  information  has,  according 
to  Herrenkohl  (1972),  "...  tended  to  confuse  and  obscure  rather  than 
simplify  and  clarify"  (1972:314).  One  of  the  most  difficult  problems 
seems  to  be  the  defining  and  measuring  of  achievement  motivation.  Some 
authors,  such  as  Frymier  (1970)  and  Maehr  and  Sjogren  (1971),  used  the 
term  "academic  motivation"  as  motivation  related  to  learning  in  an 
academic  setting.  Regardless  of  the  term  used,  motivation  is  recognized 
(see  Herrenkohl,  1972)  as  being  amazingly  complex  with  biological, 
personality,  community,  and  social  class  factors  involved. 

Bower,  Boyer,  and  Scheirer  (1970)  gave  a  review  of  research 
related  to  academic  motivation  carried  out  from  1960  to  1970.  They 
claimed  that  research  in  this  area  was  often  carried  out  in  the  absence 
of  a  precise  definition  of  the  motivation  construct  or  factors  presumed 
to  bear  a  causal  relationship  to  motivation.  A  great  volume  of  work, 
much  of  which  has  been  summarized  by  Atkinson  and  Feather  (1966)  and 
Heckhausen  (1967),  has  shown  interaction  of  need  achievement  with  treat¬ 
ment  conditions  in  experiments  but  Cronbach  and  Snow  (1969)  pointed  out 
that  these  interactions  have  usually  occurred  in  studies  of  risk  taking 
and  not  instruction.  However,  some  authors,  including  Right  and 
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Sassenrath  (1966)  and  Hartley,  Holt,  and  Hogarth  (1970),  have  studied 
the  relationship  between  achievement  motivation  and  programmed  learning 
performance. 

The  purpose  of  the  Right  and  Sassenrath  study  was  to  investigate 
the  influence  of  achievement  motivation  and  test  anxiety  on  performance 
in  programmed  instruction.  The  subjects  included  139  undergraduates 
in  educational  psychology  at  Indiana  University.  A  score  for  achievement 
motivation  labelled  "achievement  imagery"  was  obtained  from  the  Iowa 
Picture  Interpretation  Test  (Form  RK) .  The  test  anxiety  score  was 
obtained  from  the  Test  Anxiety  Questionnaire  (TAQ) .  Three  performance 
measures  were  used : 

1.  Time  required  to  complete  the  course  material; 

2.  Number  of  frames  answered  incorrectly;  and 

3.  Proficiency  on  an  achievement  test  administered  at  the  end  of 
the  course. 

The  high-achievement-motivated  students  performed  significantly  better 
on  all  three  performance  measures  than  low-achievement -motivated  students. 
The  high-test-anxiety  students  performed  better  on  criteria  (1)  and  (2) 
but  failed  to  score  higher  on  the  achievement  test. 

Hartley  et  al.  (1971)  investigated  interrelationships  between 
academic  motivation  and  programmed  learning  when  that  learning  was 
conducted  in  pairs.  The  pairing  was  based  upon  scores  on  a  motivational 
test  designed  by  the  researchers.  Three  groups  of  pairs  were  required: 
two  sets  of  homogeneous  pairs  (High-High,  Low-Low)  and  one  set  of  hetero¬ 
geneous  ones  (High-Low).  Taking  each  student  as  an  individual,  a 
comparison  was  made  between  highly  motivated  students,  H,  in  a  High-Low 
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pairing,  H(L),  with  highly  motivated  students  working  together,  HH. 

Also,  comparison  was  made  between  less  motivated  students  in  L(H)  pairs 
with  less  motivated  students  working  together,  LL.  The  subjects  were 
64  grammar  school  boys  aged  12-13  years.  The  criterion  variables  were 
post-test  scores  on  a  six-week  programmed  science  unit  and  times 
required  to  complete  the  different  parts  of  the  course.  The  results  of 
the  study  showed  no  significant  difference  between  H(L)  and  HH  students 
and  between  L(H)  and  LL  students  on  the  criterion  variables.  In  fact, 
there  was  no  significant  difference  between  the  highly  motivated 
students  and  less  motivated  students,  taken  overall. 

With  respect  to  the  relationship  between  academic  motivation  and 
programmed  learning,  Hartley  et  al.  have  failed  to  find  any  significant 
relationship  in  various  studies  they  have  carried  out.  They  indicated 
that  these  findings  reflect  those  of  other  researchers  except  for  the 
study  of  Right  and  Sassenrath  (1966) .  Based  upon  a  review  of  the 
literature.  Hartley  et  al.  claimed  there  is  no  clear  cut  evidence  to 
support  the  view  that  achievement  motivation  (however  it  is  measured)  is 
related  to  academic  achievement.  Evidence  for  a  positive  relationship 
between  motivation  and  performance  has  been  substantiated  in  rather  less 
than  one  half  of  these  studies  and  these  positive  relationships  have 
usually  been  small.  A  recent  study  of  Farley  and  Truog  (1971)  showed  no 
significant  relation  between  achievement  motivation  and  academic  achieve¬ 
ment  measured  over  four  university  subject  areas.  Maehr  and  Sjogren 
(1971)  have  summarized  studies  concerned  with  the  relationships  between 
achievement  motivation  and  academic  achievement  in  an  independent  study 
environment.  They  reported  that  evidence  suggests  that  high  "need  to 
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achieve"  students  in  classrooms  outperform  low  "need  to  achieve" 
students  in  classrooms  which  allow  for  or  are  more  dependent  on  self- 
motivation. 

Cattell  and  Butcher  (1968)  pointed  out  that,  until  rather  recently 
there  has  been  missing  from  the  personality  factors  what  we  think  of  as 
interest,  attitude,  and  motivation,  or  what  the  clinician  calls 
"dynamic  psychology."  They  referred  to  this  as  the  area  of  "dynamic 
calculus"  and  indicated  that  factor  analysis  and  similar  methods  have 
revealed  "dynamic  structure  factors."  Cattell  and  Butcher  grouped  these 
factors  as  either  ergs  (instinctive  patterns  comparable  with  drives 
observed  in  nonhuman  mammals)  or  sentiments  (aggregate  of  attitudes 
that  focus  on  a  common  social  institution),  with  attitudes  as  the  under¬ 
lying  bricks  out  of  which  ergs  and  sentiments  are  built. 

Much  of  the  early  work  carried  out  by  Cattell  and  associates 
aimed  at  determining  how  attitude  measures  could  add  to  prediction  of 
academic  achievement.  The  results  were  somewhat  disappointing  as  the 
great  majority  of  correlations  were  not  statistically  significant; 
however,  with  the  improvement  of  measuring  instruments,  such  as  objec¬ 
tive  tests,  evidence  of  the  last  five  years  has  shown  that  motivation 
tests  can  add  a  substantial  quota  of  predictive  power  in  forecasting 
school  achievement.  Cattell  and  Butcher  (1968)  reported  that  ability, 
personality,  and  motivation  factors  accounted  for  approximately  60  per 
cent  of  the  variance  of  school  achievement  prediction  in  one  study.  In 
the  same  publication,  Cattell  hypothesized  that  the  accountable  variance 
in  achievement  could  be  divided  about  equally  among  ability,  personality, 
and  motivation  factors,  each  accounting  for  25  per  cent.  Two  recent 
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reports  of  Cattell  and  associates  involving  the  same  students  follow. 

The  purpose  of  the  Dielman,  Barton,  and  Cattell  (1971)  study 
was  to  test  the  above-mentioned  hypotheses  of  Cattell  with  respect  to 
ability  and  motivation  factors.  In  addition,  they  wanted  to  develop 
regression  equations,  predicting  achievement  in  different  areas  from 
ability  and  motivation.  The  subjects  were  299  sixth-  and  seventh-grade 
students  in  Illinois.  Thirty  motivation  scores  were  obtained  from  the 
School  Motivational  Analysis  Test  (SMAT)  and  criterion  scores  came  from 
the  Educational  Testing  Service  mathematics,  social  studies,  English, 
and  science  achievement  tests.  The  Culture  Fair  Intelligence  Test 
(CFIQ)  was  also  administered.  The  three  scores  for  each  of  ten  scales 
(ergs  and  sentiments)  were: 

1.  "integrated'’  (I)  scores  which  may  be  thought  of  as  the 
psycho-analytic  concept  of  conscious  motivation; 

2.  "unintegrated"  (U)  scores  which  may  be  thought  of  as  uncon¬ 
scious  motivation;  and 

3.  "total"  (T)  score  where  T  =  I  +  U. 

The  CFIQ  accounted  for  15  per  cent  to  36  per  cent  of  the  total  variance 
in  the  criterion  scores  for  the  sixth  grade  and  22  per  cent  to  43  per 
cent  for  the  seventh  grade.  The  ten  integrated  SMAT  scores  added  a 
significant  increase  in  the  variance  with  the  increase  ranging  from  12 
to  33  per  cent.  The  integrated  Super-Ego  scale  appeared  as  the  best 
single  SMAT  predictor. 

Cattell,  Barton,  and  Dielman  (1972)  reported  a  variation  of  the 
foregoing  study  involving  the  same  students.  Their  paper  presented  the 
results  pertaining  to  the  hypotheses  that  ability,  personality,  and 
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motivation  factors  each  account  for  about  25  per  cent  of  the  total 
variance  in  academic  achievement.  The  School  Motivational  Analysis 
Test  (SMAT),  High  School  Personality  Questionnaire  (HSPQ) ,  and  Culture 
Fair  I.Q.  Test  (CFIQ)  measured  motivation,  personality,  and  ability 
factors  respectively.  In  the  sixth  grade,  74  per  cent  of  the  integrated 
(I)  scores  of  the  SMAT  and  90  per  cent  of  the  I  scores  were  signifi¬ 
cantly  correlated  with  an  achievement  score.  In  the  area  of  mathematics 
achievement,  61  per  cent  and  69  per  cent  of  the  variance  in  the  sixth 
grade  and  seventh  grade,  respectively,  was  accounted  for  by  a  combina¬ 
tion  of  all  three  tests.  Individually,  the  SMAT,  HSPQ,  and  CFIQ  scores, 
respectively,  accounted  for  38  per  cent,  44  per  cent,  and  36  per  cent 
of  the  total  variance  in  grade  six  mathematics  achievement,  and  45  per 
cent,  43  per  cent,  and  43  per  cent  in  grade  seven.  The  addition  of 
HSPQ  to  the  combination  of  CFIQ  and  SMAT  scores  resulted  in  a 
significant  increase  in  the  variance  accounted  for  in  mathematics 
achievement  at  both  the  grade  six  and  grade  seven  levels.  The  addition 
of  SMAT  to  the  CFIQ-HSPQ  combination  added  significantly  to  the 
mathematics  variance  at  the  grade  seven  level  but  not  at  the  grade  six 
level.  The  addition  of  CFIQ  to  the  SMAT-HSPQ  combination  added 
significantly  to  the  mathematics  variance  at  both  grade  levels.  The 
researchers  pointed  out  that  the  use  of  SMAT  U  scores  are  virtually 
useless  in  the  prediction  of  achievement  in  most  areas. 

In  spite  of  the  varied  results  and  views  regarding  the  relation¬ 
ships  between  motivation  factors  and  academic  achievement,  motivation 
factors  were  included  in  the  present  study  along  with  ability  and 
personality  factors.  The  importance  of  the  "need  to  achieve"  factor 
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in  an  independent  study  environment  reported  by  Maehr  and  Sjogren  and 
the  results  of  Cattell  and  associates  are  encouraging  and  helped  in  the 
decision  to  include  motivation  factors  in  this  study. 

The  review  of  research  related  to  mastery  learning  demonstrates 
that  features  such  as  the  use  of  specific  behavioural  objectives,  small 
learning  units,  formative  and  summative  evaluation  techniques,  and 
alternate  learning  aids  can  improve  student  achievement.  It  may  gener¬ 
ally  be  said  that  mastery  learning  techniques,  lecture,  and  other 
learning  methods  have  some  benefits  for  different  kinds  of  students. 

The  purpose  of  the  present  study  is  to  assess  what  kinds  of  students, 
in  terms  of  ability,  personality,  and  motivation  factors,  benefit  from 
the  lecture  approach  and  independent  study  approach  to  the  learning  of 
calculus . 

Studies  pertaining  to  the  effect  of  intellectual  factors  on 
academic  achievement  indicated  the  importance  of  specific  aptitude 
factors  as  well  as  a  general  intelligence  score.  Some  of  Guilford's 
factors  (see  studies  of  Davis,  King  et  al.,  and  Behr) ,  the  factors  of 
numerical  ability,  verbal  ability,  and  deductive  reasoning  (see  review 
of  Aiken)  have  been  identified  as  important.  Liedtke's  study  was 
interesting  in  that  a  general  intelligence  score  and  reading  ability 
score  failed  to  show  up  as  reliable  predictors  in  an  independent  study 
situation. 

In  the  personality  sphere,  the  factors  of  neuroticism  and  extra¬ 
version  have  emerged  as  usually  important  in  predicting  achievement. 
There  is  support  for  a  curvilinear  relationship  between  neuroticism  and 
academic  success  in  the  form  of  an  inverted  "U".  There  is  a  tendency 
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for  stable  extraverts  to  be  more  successful  in  primary  grades  while 
introverts  tend  to  be  predominant  among  the  better  students  at  univer¬ 
sity.  The  studies  of  King,  Cattell  and  associates,  and  Domino  have 
demonstrated  the  importance  of  personality  factors  to  the  prediction  of 
achievement . 

Evidence  does  not  clearly  support  the  view  that  motivation  is 
related  to  academic  achievement.  However,  the  report  of  Maehr  and 
Sjogren  suggested  that  high  "need  to  achieve"  students  perform  signifi¬ 
cantly  better  than  low  "need  to  achieve"  students  in  independent  study 
situations.  The  study  of  Cattell,  Barton,  and  Dielman  showed  that 
motivational  scores  can  add  significantly  to  the  prediction  of  achieve¬ 
ment. 
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CHAPTER  III 


DESIGN  OF  THE  STUDY 

This  study  was  designed  first  to  assess  the  importance  of  student 
characteristics  with  respect  to  the  learning  of  calculus  in  each  of  two 
learning  settings,  and  second,  to  compare  the  achievement  scores  and 
dropout  ratios  of  the  two  groups.  This  chapter  will  describe  how  the 
study  strived  toward  the  indicated  purposes.  An  overview  of  the  study  is 
followed  by  a  description  of  the  sample,  the  methods  of  instruction,  the 
testing  program,  and  the  analysis  of  the  data. 

OVERVIEW  OF  THE  STUDY 

This  study  was  made  during  the  1973  spring  semester  at  Mount 
Royal  College,  located  in  Calgary,  Alberta.  The  subjects  were  enrolled 
in  a  first-year  university  calculus  course  of  a  one-semester  duration. 

Two  methods  of  instruction,  under  two  different  instructors,  were  used: 
one  method  was  an  independent  study  approach  and  the  other  a  lecture 
approach.  At  the  beginning  of  the  semester,  the  students  wrote  several 
tests  and  answered  a  number  of  questionnaires  related  to  the  areas  of 
ability,  personality,  and  motivation.  The  criteria  for  determining 
academic  achievement  were  scores  on  a  number  of  achievement  tests.  The 
questionnaire  scores  and  criterion  scores  were  analysed  with  the 
statistical  analysis  being  mainly  methods  of  correlation  and 
regression. 
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THE  SAMPLE 

The  research  subjects  were  Mount  Royal  College  students  regis¬ 
tered  in  a  calculus  course.  Pure  Mathematics  201  (PMAT  201),  for  the 
1973  spring  semester.  Mount  Royal  is  a  two-year  comprehensive  commu¬ 
nity  college  located  in  a  suburban  area  of  Calgary,  Alberta,  enrolling 
approximately  3,000  full-time  equivalent  students.  The  programs 
offered  include  courses  in  technical,  vocational  skills  and  manpower 
training,  community  service,  general  education,  remedial  and  upgrading, 
and  university  transfer.  Mount  Royal  College  is  affiliated  with  The 
University  of  Calgary  and,  thus,  offers  a  number  of  first-year 
university  courses,  including  PMAT  201. 

One  week  prior  to  the  beginning  of  the  spring  semester,  over  129 
students  registered  for  PMAT  201.  The  students  were  informed  of  the 
nature  of  the  experiment  and  then  randomly  assigned  into  two  groups, 
using  a  table  of  random  numbers.  Some  students  failed  to  appear  for  the 
initial  testing  and  the  beginning  of  the  semester.  The  final  sample 
sizes  for  each  of  the  groups  are  given  in  Table  I,  where  IS  refers  to 
the  independent  study  group  and  L  to  the  lecture  group. 

Table  I 

Final  Experimental  Population  Sizes 


Group 


Sex 

IS 

L 

Male 

47 

52 

Female 

20 

10 

Total 

67 

62 

> 
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METHODS  OF  INSTRUCTION 

Independent  Study  Method 

The  features  of  Bloom's  strategy  for  mastery  learning,  as  out¬ 
lined  in  the  last  chapter,  were  adopted  in  the  independent  study  method 
used  in  this  study.  The  strategy  consisted  of  the  following  features: 

1.  Define  mastery  in  terms  of  a  specific  set  of  objectives  the 
student  is  expected  to  achieve. 

2.  Divide  the  course  into  small  learning  units  (one  or  two 
weeks'  instruction)  with  unit  objectives. 

3.  Use  teaching  methods  appropriate  to  learner  needs. 

4.  Prepare  short  diagnostic-progress  tests  (formative  tests) 
to  determine  whether  the  student  has  mastered  the  unit  and 
what,  if  anything,  the  student  must  do  to  master  it. 

5.  Prepare  tests  (summative  tests)  to  appraise  student's  com¬ 
petence  with  regard  to  content  and  objectives. 

These  features  will  be  referred  to  in  the  following  description  of  the 
independent  study  method  used  in  this  study. 

The  calculus  course  (PMAT  201)  was  divided  into  nineteen  instruc¬ 
tional  units  and  specific  behavioural  objectives  were  written,  by  the 
researcher,  for  each  unit.  A  unit  was  considered  as  approximately  the 
course  content  that  could  be  learned  in  one  week  in  order  to  complete 
the  course  in  a  semester  of  fifteen  weeks'  duration.  The  overall 
objective  for  each  unit  was  the  mastery  of  the  specific  objectives  of 
that  unit  (see  features  1  and  2  of  Bloom's  strategy). 

A  self-instructional  package,  in  the  form  of  a  written  handout, 
was  prepared  for  each  unit.  Each  package  contained  the  objectives  of 
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the  unit,  notes  on  the  unit,  problems  and  solutions  to  the  problems,  and 
a  formative  post-test.  In  many  of  the  packages  references  were  made  to 
appropriate  textbooks,  cassette  tapes,  and  in  one  case  to  a  sound-slide 
presentation.  Each  package  was  designed  to  guide  the  student’s  learning 
through  the  corresponding  unit.  The  packages,  cassette  tapes,  and 
sound-slide  presentation  were  prepared  by  the  researcher. 

The  calculus  course  was  scheduled  in  the  student’s  timetable  as 
three  one-hour  classes  per  week.  One  hour  (5:00  p.m.  Thursdays)  was 
intended  as  time  for  a  lecture  and/or  a  general  question  period,  as  well 
as  the  writing  of  term  tests.  The  other  two  hours  were  to  be  spent  in 
the  mathematics  section  of  the  open-area  learning  library.  Reference 
books,  cassette  recorders,  cassette  tapes,  slides,  and  slide  projectors 
were  available,  from  8:00  a.m.  to  5:00  p.m.  each  day  (except  weekends), 
at  the  mathematics  resource  island  located  in  the  mathematics  section 
of  the  learning  library.  The  student  could  also  check  materials  out 
overnight  or  over  weekends.  At  almost  any  time,  the  students  could  use 
the  learning  library  to  study,  work  in  small  groups,  or  use  course 
materials.  The  faculty  offices  were  also  located  in  the  learning 
library  near  the  mathematics  resource  island.  The  independent  study 
instructor  was  available  to  the  students  during  posted  office  hours  of 
approximately  10  to  15  hours  per  week.  The  mathematics  department  had 
the  services  of  a  full-time  para-professional,  and  during  the  day,  he  was 
available  to  the  students  for  tutoring  purposes. 

The  preceding  two  paragraphs  relate  to  feature  3  of  Bloom's 
strategy.  With  regard  to  the  appropriateness  of  the  method,  one  of  the 
aims  of  this  study  was  to  determine  what  kinds  of  students  are  best 
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suited  to  the  independent  study  setting. 

A  major  aspect  of  the  independent  study  method  was  the  "feedback- 
correction"  procedure.  Upon  completion  of  a  unit,  the  student  could 
write  the  post-test  (formative  test)  contained  in  his  package.  He  could 
then  take  the  test  to  the  instructor.  They  could  discuss  the  answers 
and  note  those  unit  objectives  the  student  had  not  mastered.  Even  though 
no  grade  was  marked  on  the  post-test,  the  student  was  to  obtain  a  score 
of  approximately  80  per  cent  or  better  before  proceeding  to  the  next 
unit.  This  was  the  feedback  part  of  "feedback-correction";  the  student 
received  feedback  regarding  the  objectives  he  had  or  had  not  mastered. 

The  instructor  used  several  corrective  procedures  to  help  the 
student  master  the  unmastered  objectives.  These  procedures  included  the 
discussion  of  the  appropriate  topics  with  the  student,  assigning 
appropriate  sections  of  the  self-instructional  package  for  the  student 
to  review,  referring  the  student  to  specific  sections  of  the  resource 
textbooks,  assigning  specific  problems,  and  referring  the  student  to  the 
para-professional  for  special  tutoring.  After  completing  his  corrective 
procedure  the  student  could  then  write  another  formative  test,  answering 
those  questions  corresponding  to  the  unmastered  objectives  (see  feature 

4). 

One  of  the  following  six  grades  were  awarded  at  the  end  of  the 
semester:  A  for  superior,  B  for  excellent,  C  for  average,  D  for  pass, 

I  for  incomplete,  and  W  for  withdrawal.  The  grades  were  based  upon  four 
term  tests  and  a  final  examination.  The  student  had  to  write  the  term 
tests  and  final  examination  by  certain  fixed  dates,  with  exceptions  made 
for  students  having  special  problems  with  the  course.  An  examination 
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schedule  was  prepared  and  is  given  in  Table  II.  An  I  grade  was  awarded 
to  a  student  if  he  did  not  complete  the  course  by  the  end  of  the  semes¬ 
ter.  He  could  have  the  I  removed  upon  completing  the  course  and  passing 
a  special  final  examination  within  a  period  of  one  month  from  the  end  of 
the  semester.  No  student  was  allowed  to  have  this  privilege  unless  he 
had  completed  at  least  ten  units  and  had  written  two  term  tests  during 
the  semester  (see  feature  5) . 


Table  II 

IS  Test  Schedule 


Test  Number 

Units  Covered 

Date 

1 

1  and  2 

February  15 

2 

1  through  7  inclusive 

March  8 

3 

1  through  11  inclusive 

March  29 

4 

1  through  16  inclusive 

April  19 

Final 

1  through  19  inclusive 

May  22 

The  preceding  remarks  basically  outline  the  independent  study 
method  used  in  this  study.  For  further  details,  see  Appendix  A. 

Lecture  Method 

The  calculus  course  was  scheduled  in  the  student’s  timetable  as 
three  one-hour  lectures  per  week,  5:00  p.m.  Mondays,  Wednesdays,  and 
Fridays;  in  addition,  there  was  a  scheduled  one-hour  tutorial  session, 
5:00  p.m.  Thursdays.  The  tutorial  hour  was  intended  as  time  for  students 
to  ask  questions,  receive  assistance  in  solving  problems,  and  write  the 
term  tests.  The  lectures  and  tutorial  were  held  in  a  lecture  theatre 
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adjacent  to  the  learning  library.  The  instructor  had  posted  office 
hours  (five  hours  per  week)  when  he  was  available  to  his  students. 

The  students  also  had  the  tutoring  services  of  the  para-professional. 

The  lecture  group  studied  the  same  calculus  topics  (see  Appendix 
B)  as  the  independent  study  students  but  had  a  different  instructor. 

The  instructor  developed  concepts  and  theorems  as  close  as  possible  to 
the  manner  and  sequence  displayed  in  the  self-instructional  packages 
of  the  independent  study  group .  Calculus  and  Analytic  Geometry  (4th 
edition)  by  R.  Johnson  and  F.  Kiokemeister  was  used  as  the  textbook 
for  the  course. 

The  letter  grades  A,  B,  C,  D,  I,  and  W  were  awarded  to  the 
lecture  students  in  the  same  way  as  was  done  for  the  independent  study 
students;  however,  there  was  no  procedure  for  having  an  I  grade  changed 
after  the  end  of  the  semester.  An  examination  schedule  was  prepared 
and  is  given  in  Table  III. 


Table  III 

Lecture  Test  Schedule 


Test  Number 

Date 

1 

February  15 

2 

March  8 

3 

March  29 

4 

April  19 

Final 

May  22 
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THE  TESTING  PROGRAM 

Determination  of  Student  Characteristics 

The  instruments  used  to  gather  data  pertaining  to  student 
characteristics  are  listed  as  follows: 

1.  Differential  Aptitude  Tests,  (DAT),  (1963  edition):  Form  L, 
Booklet  1. 

2.  Sixteen  Personality  Factor  Questionnaire:  Form  A. 

3.  Motivation  Analysis  Test,  (1964  edition):  Form  A. 

4.  Costello's  Achievement  Motivation  Scales  I  and  II  (see 
Appendix  C) . 

5.  Van  Wagenen  Rate  of  Comprehension  Scale:  Form  A. 

6.  Wonderlic  Personnel  Test:  Form  A. 

7.  Questionnaire  for  PMAT  201  Students  (see  Appendix  D) . 

Part  of  the  entrance  testing  program  at  Mount  Royal  College  involved  the 
administration  of  the  Van  Wagenen  and  Wonderlic  tests.  These  tests  were 
administered  to  the  new  students  during  the  registration  period  of  both 
the  fall  and  spring  semesters.  The  other  instruments  were  administered 
during  the  first  week  of  the  spring  semester  with  each  student  having 
three  one-hour  sessions. 

The  remainder  of  this  section  is  devoted  to  a  description  of  the 
use  of  each  instrument  with  a  rationale  for  using  that  instrument . 

Differential  Aptitude  Tests 

Differential  Aptitude  Tests,  (DAT),  (1963  edition):  Form  L, 
Booklet  1  has  four  tests:  Verbal  Reasoning,  Numerical  Ability,  Abstract 
Reasoning,  Clerical  Speed  and  Accuracy.  The  first  two  tests  measure 
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ability  factors  referred  to  in  the  review  of  the  literature  as  important 
in  the  prediction  of  achievement  in  mathematics.  Nunnally  (1970) 
indicated  that  the  DAT  is  a  suitable  instrument  for  adults. 

The  Numerical  Ability  and  Abstract  Reasoning  tests  were  used  for 
this  study.  Since  the  students  were  subjected  to  considerable  testing, 
the  researcher  decided  to  use  the  already  available  Van  Wagenen  and 
Wonderlic  test  scores  as  a  measure  of  reading  ability  and  general  ability 
respectively.  The  two  DAT  tests  used  were  hand  scored  and  then  converted 
to  percentile  norms  by  using  the  grade  12  male  and  female  percentile 
norms  for  Form  L,  contained  in  Directions  for  Administration  and  Scoring 
and  Norms,  Forms  L  and  M. 

Sixteen  Personality  Factor  Questionnaire 

Sixteen  Personality  Factor  Questionnaire,  (16  PF),  (1967-1968 
edition):  Form  A  was  developed  by  R.  B.  Cattell  and  associates  using 
"factor  analytic"  procedures.  It  is  a  widely  used  instrument  that  is 
purported  to  measure  the  major  dimensions  of  personality.  Form  A,  con¬ 
sisting  of  187  questions,  yields  16  "primary"  factor  scores  and  4 
"second  order"  factor  scores  for  individuals  aged  sixteen  years  and  older. 
Appendix  E  lists  the  16  primary  factors  which  are  described  in  detail  by 
Cattell,  Eber,  and  Tatsuoka  (1970).  While  the  verbal  names  associated 
with  each  factor  convey  meaning  to  persons  unfamiliar  with  the  16  PF, 
Cattell  (1973)  preferred  the  letter  designations.  Any  verbal  label  gets 
tied  to  a  complex  of  everyday  meanings  and  nuances  that  are  different 
for  different  persons;  moreover,  the  labels  rarely  capture  the  full 
meaning  and  content  of  the  factor.  The  second  order  factors  are: 
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1.  Introversion  versus  Extraversion  (EXVIA) . 

2.  Low  Anxiety  (Adjustment)  versus  High  Anxiety. 

3.  Tender -minded  Emotionality  versus  Tough  Poise. 

4.  Subduedness  versus  Independence. 

Most  of  the  personality  factors,  including  extraversion  and  neuroticism 
(anxiety) ,  considered  in  the  review  of  the  literature  are  included  in 
the  primary  and  secondary  factors  as  measured  by  the  16  PF. 

Cattell,  Eber,  and  Tatsuoka  (1970)  considered  the  psychometric 
properties  of  reliability  and  validity,  and  subdivide  reliability  into 
dependability  (short-term  test-retest  correlations)  and  stability  (test- 
retest  correlations  over  a  longer  period  of  time) .  The  Manual  for  the 
16  PF  (1972)  indicates  that  for  Form  A  the  dependability  coefficients 
(N  =  243)  range  from  0.72  to  0.92  with  11  coefficients  above  0.80.  The 
stability  coefficients  (N  *  44)  range  from  0.35  to  0.85  with  10  coeffic¬ 
ients  above  0.60.  The  concept  validity  (how  well  the  scale  correlates 
with  the  concept  which  the  scale  is  to  measure)  is  given  in  the  manual 
as  direct  concept  validity  (concept  validity  determined  by  factor 
analysis).  For  Form  A  these  coefficients  (N  38  958)  range  from  0.35  to 
0.92  with  11  coefficients  above  0.60.  Buros  (1970)  stated: 

Split-half  reliabilities  (N  =  450)  range  from  0.71  to  0.93,  ten 
coefficients  being  above  0.80.  This  is  quite  good;  but  even  more 
pleasing  is  the  fact  that  validities  (based  on  factor  loadings) 
range  from  0.73  to  0.96  with  eleven  coefficients  exceeding  0.80. 

For  a  multi-dimensional  test  of  this  kind  one  could  not  hope  for 
much  more.  Evidently,  despite  the  reputation  of  questionnaire 
methods  as  being  unreliable,  this  test  does  succeed.  [1970:819] 

According  to  a  review  by  Maurice  Lorr  in  Buros  (1970),  the  16  PF  appears 

to  be  the  best  factor-based  personality  inventory  available  but  it  still 

should  be  used  primarily  as  a  research  instrument. 
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The  16  PF  answer  sheets  were  scored  by  hand  using  the  stencil 
scoring  keys.  The  raw  scores  were  used  in  the  statistical  analysis  of 
this  study.  The  raw  scores  were  converted  to  sten  scores  in  order  to 
obtain  second-order  factor  scores.  Sten  scores  (the  term  comes  from 
"standard  ten")  are  normally  distributed  over  ten  equal  interval 
standard  score  points  from  1  to  10,  with  the  population  mean  fixed  at 
5.5.  Stens  5  and  6  extend  respectively  one-half  standard  deviation 
above  and  below  the  mean.  This  conversion  was  accomplished  by  using 
"Table  22:  Norms  for  College  Students"  published  in  the  Tabular 
Supplement.  By  applying  the  weights  and  constants  (in  Table  10.9  of 
the  Handbook  for  the  16  PF)  to  the  sten  scores  of  the  primary  factors, 
the  four  second-order  factor  sten  scores  were  obtained.  This  last  step 
was  accomplished  by  using  the  computer  program  shown  in  Appendix  F. 

Thus,  for  each  student,  raw  scores  were  obtained  for  each  of  the  sixteen 
primary  personality  factors  and  sten  scores  were  obtained  for  the  four 
second-order  factors. 

Motivation  Analysis  Test 

Projective  techniques  have  been  the  principal  devices  used  to 
determine  the  strength  of  achievement  motivation  with  McClelland's 
Thematic  Apperception  Test  (TAT),  (McClelland  et  al.,  1953),  being  a 
favourite.  For  a  number  of  reasons  given  by  Hermans  (1970),  Herrenkohl 
(1972),  and  West  and  Uhlenberg  (1970),  the  TAT  is  not  satisfactory  for 
use  in  assessing  motivation  in  academic  settings.  A  number  of  question¬ 
naires,  rating  scales,  and  checklists  have  been  devised  but  they  have 
several  disadvantages  including  deliberate  distortion  by  the  examinee. 
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West  and  Uhlenberg  (1970),  in  a  review  of  techniques  of  measurement  as 
applied  to  motivation,  stated: 

The  disadvantages  of  projective  testing  .  .  .  have  led  educators 
and  some  psychologists  ...  to  devise  "objective”  tests  of 
motivation.  By  objective  tests  we  mean  here  assessment  procedures 
which  obtain  consistent  scoring  from  different  scorers  and  which 
also  conceal  from  the  examinee  the  nature  of  the  scoring  and 
interpretation  of  his  responses.  [1970:53] 

Factor  analytic  studies  by  Cattell  et  al.  have  resulted  in  several 

objective  tests  including  the  Motivation  Analysis  Test  (MAT)  (1964 

edition)  Form  A. 

The  MAT  is  an  adult  test  which  measures  ten  motivation  factors, 
giving  an  "integrated"  score  (I)  and  an  "unintegrated"  score  (U)  for 
each  factor.  As  shown  in  the  literature  review,  an  integrated  score 
may  be  thought  of  as  the  psychoanalytic  concept  of  conscious  motivation, 
whereas  an  unintegrated  score  may  be  thought  of  as  unconscious  moti¬ 
vation.  The  ten  motivation  factors  are  made  up  of  five  primary  factors 
called  ergs  and  five  primary  factors  called  sentiments  (see  Table  IV) . 


Table  IV 

Primary  Factors  Measured  by  MAT 


Ergs 

Sentiments 

Mating  (sexual  love) 

Sentiment  to  self 

Assertiveness  (achievement) 

1.  social  reputation 

2.  control  and  understanding 

Fear  (escape) 

Superego 

Narcism  (comfort,  sensuality) 

Career 

Pugnacity  (sadism) 

Sweetheart-Spouse 

Home-Parent 

■  ■ 
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See  Appendix  G  for  a  brief  description  of  each  factor.  Sweney  (1969) 
gave  an  interpretation  for  each  of  the  I  and  U  scales. 

The  answer  sheets  were  hand  scored  using  the  stencil  scoring 
keys.  There  were  four  raw  scores  for  each  of  the  ten  factors.  Two  raw 
scores  were  converted  into  an  I  sten  score  and  the  other  two  were 
converted  into  a  U  sten  score  by  using  the  norms  in  the  Handbook  for  the 
Motivation  Analysis  Test.  The  MAT  Dynamic  Structure  Profile  sheet  was 
used  to  assist  with  the  computation.  Ten  Total  Motivation  and  ten 
Conflict  sten  scores  were  obtained  from  the  U  and  I  stens  using  norms  in 
the  handbook.  Five  other  derivation  scores  were  obtained  from  the 
profile  sheet  and  the  norms.  These  five  scores  are  optional  and  experi¬ 
mental  in  nature  and  are: 

1.  Total  Integration. 

2.  Total  Personal  Interest  (sum  of  the  ten  Total  Motivation 
scores  and  then  converted  to  a  sten  score) . 

3.  Total  Conflict  (sum  of  the  ten  Conflict  scores  and  converted 
to  a  sten  score) . 

4.  General  Autism-Optimism. 

5.  General  Intelligence-Information. 

The  Handbook  for  the  Motivation  Analysis  Test  gives  reliability 
and  validity  coefficients  for  the  ten  MAT  scales.  The  dependability 
coefficients  (N  =  156)  range  from  0.51  to  0.81  with  six  coefficients 
above  0.65.  The  stability  coefficients  (N  =  101)  range  from  0.39  to  0.69 
with  five  coefficients  above  0.50.  Split-half  reliability  coefficients 
(N  =  151)  range  from  0.33  to  0.70  with  five  coefficients  above  0.50. 
Concept  validity  coefficients  determined  by  correlating  primary  factors 
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scored  over  all  items  in  a  developmental  study  with  the  factors  measured 
by  the  items  actually  selected  for  the  test  range  from  0.52  to  0.76  with 
eight  coefficients  above  0.60.  Reviews  in  Buros  (1972)  indicated  that 
the  MAT  offers  much  promise  as  an  experimental  instrument  but  does  not 
fare  too  well,  as  yet,  with  regard  to  meeting  the  usual  psychometric 
criteria. 

Costello’s  Achievement  Motivation  Scales  I  and  II 

The  two  scales,  developed  by  C.  G.  Costello  in  1967,  are  self- 
reporting  checklists  taking  about  five  minutes  to  complete.  Scale  I 
and  Scale  II  have  ten  and  fourteen  items  respectively  and  were  developed 
by  factor  analytic  methods.  According  to  Costello  (1967),  Scale  I 
measures  the  motivational  dispositions  of  the  individual  who  wants  to 
do  a  job  well  through  his  own  efforts,  whereas  Scale  II  measures  the 
disposition  or  need  of  a  person  to  be  a  success  defined  in  terms  of  the 
emulation  of  successful  people.  The  split-half  reliability  for  Scale  I 
was  0.82  and  for  Scale  II  was  0.73  with  a  sample  of  264  college  students. 
The  intercorrelation  of  the  two  scales  was  -0.17.  Costello  also  reported 
that  Scale  II  scores  were  significantly  related  to  scores  measuring 
neuroticism  and  anxiety. 

Costello  (1968)  carried  out  a  study  designed  to  establish  the 
predictive  validity  of  the  two  "need  to  achieve"  scales.  The  subjects 
were  198  freshmen  college  students.  Four  groups  of  ten  students  were 
selected  on  the  basis  of  their  scores.  Group  1  consisted  of  those 
students  high  (above  the  upper  quartile  point)  on  Scale  I  and  low  (below 
the  lower  quartile  point)  on  Scale  II.  Group  2  students  were  high  on  I 
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and  II;  Group  3  students  were  low  on  I  and  high  on  II;  Group  4  students 
were  low  on  I  and  II.  Criterion  scores  were  the  mean  examination  scores 
for  all  the  final  examinations  at  the  end  of  the  year.  The  overall  mean 
examination  marks  were:  Group  1,  70.07;  Group  2,  66.98;  Group  3,  56.46; 
and  Group  4,  53.84.  An  analysis  of  variance  indicated  that  the  main 
effect  of  Scale  I  was  significant. 

Van  Wagenen  Rate  of  Comprehension  Scale 

The  Van  Wagenen  Rate  of  Comprehension  Scale:  Form  A  measures  the 
rate  an  individual  can  read  with  comprehension  in  words  per  minute.  It 
consists  of  56  thirty-word  paragraphs  and  is  a  four-minute  test.  The 
number  of  paragraphs  correctly  read  are  converted  into  words  per  minute 
by  a  scoring  key  on  the  front  of  the  scale.  The  student  scores  were 
obtained  from  the  Educational  Development  Services,  Mount  Royal  College. 

Wonderlic  Personnel  Test 

The  Wonderlic  Personnel  Test:  Form  A  is  an  adaptation  of  the  Otis 
Self-Administration  Test  of  Mental  Ability.  It  was  designed  for  testing 
adults  in  business  and  industrial  situations.  Form  A  is  a  twelve-minute 
test  of  problem-solving  ability. 

The  percentile  scores  of  this  test  were  obtained  from  the  Educa¬ 
tional  Development  Services  of  Mount  Royal  College.  Fourth-year  high 
school  male  and  female  norms  based  on  a  1960-1961  study  were  used.  The 
norms  are  printed  in  the  Wonderlic  Personnel  Test  Manual  by  E.  F. 


Wonderlic . 
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Questionnaire  for  PMAT  201  Students 

This  brief  questionnaire  was  devised  by  the  researcher  for  the 
purpose  of  being  able  to  keep  in  contact  with  the  student  and  obtaining 
some  background  information  on  each  student. 

Measurement  of  Achievement 

During  the  spring  semester,  criterion  measures  were  obtained  from 
four  term  tests,  a  final  examination,  and  a  standardized  examination 
called  the  Co-operative  Mathematics  Test  (Calculus) ,  (1963) :  Form  A. 

Term  Tests  and  Final  Examination 

Each  term  test  was  administered  during  a  fifty-five-minute  class 
according  to  the  schedules  given  earlier  in  this  chapter.  Students  in 
both  groups  received  the  same  amount  of  time  to  complete  each  test. 

There  was  a  six-hour  spread  in  the  testing  times  of  the  lecture  and 
independent  study  groups;  thus,  it  was  necessary  for  each  group  to  have 
a  different  term  test.  The  final  examination  was  administered  to  both 
groups  (at  the  same  time)  during  a  one  and  one  half-hour  session.  The 
instructors  marked  the  term  tests  according  to  a  scoring  key  prepared  by 
the  researcher,  whereas  the  final  examination  was  scored  by  the 
researcher.  The  term  tests  and  final  examination  are  contained  in 
Appendix  H. 

The  tests  were  constructed  by  the  researcher  according  to  the 
specific  behavioural  objectives  of  the  course.  The  correlations  between 
the  final  examination  scores  and  standardized  Co-operative  Mathematics 
Test  scores  were  0.71  and  0.86  for  the  independent  study  and  lecture 
groups  respectively.  Thus,  the  content  validity  is  assumed  to  be 
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satisfactory.  Both  instructors  of  the  two  groups  reviewed  these  examina¬ 
tions.  They  did  not  formally  evaluate  the  tests  but  recommended  revision 
of  some  items.  This  review  provided  further  face  validity  of  these 
tests.  No  empirical  estimates  of  the  reliability  of  the  term  tests  and 
final  examination  were  calculated. 

The  Co-operative  Mathematics  Test 

The  Co-operative  Mathematics  Test  (Calculus),  (1963):  Form  A  was 
designed  to  assess  achievement  in  terms  of  the  students'  comprehension 
of  the  basic  concepts,  techniques,  and  unifying  principles  in  the  area 
of  calculus  and  analytic  geometry.  It  is  indicated  in  the  Handbook : 
Co-operative  Mathematics  Test  that,  where  possible,  many  new  trends  and 
emphases  in  mathematics  are  represented  in  the  test  but  that  the  content 
had  been  selected  carefully  to  ensure  the  appropriateness  of  the  test  for 
most  students.  Ability  to  apply  understanding  of  mathematical  ideas  to 
new  situations  and  to  reason  with  insight  are  emphasized.  Factual 
recall  and  computation  are  minimized.  The  test  covers  work  in  analytic 
geometry  and  calculus  through  differential  and  integral  calculus  of 
algebraic  and  transcendental  functions  including  work  on  topics  such  as 
the  theorem  of  the  mean  and  limits  of  indeterminate  forms.  As  is  stated 
in  the  Handbook,  "The  test  is  appropriate  for  students  who  have  completed 
work  in  separate  courses  in  these  content  areas  or  at  least  a  full  year 
of  work  in  these  combined  areas"  (1964:8). 

The  test  has  two  forty-minute  parts  of  30  items.  The  answer 
sheets  were  hand  scored  using  "Table  26"  of  the  Handbook  and  the  raw 
scores  were  used  in  the  statistical  analysis.  With  respect  to  content 
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validity,  the  Handbook  indicated  that  the  test  construction  was 
entrusted  to  well-qualified  persons  capable  of  judging  the  relationship 
of  test  content  to  teaching  objectives.  Estimates  of  the  reliability 
coefficients  were  made  using  the  Kuder-Richardson  Formula  20.  With  two 
samples  of  college  students  (N  ■  450  and  N  =  350)  the  reliability  coef¬ 
ficients  were  0.87  and  0.84  respectively.  A  reviewer,  W.  E.  Kline  in 
Buros  (1972)  stated:  "This  reviewer  knows  of  no  standardized  test 
designed  to  measure  achievement  at  the  close  of  a  year's  course  in  cal¬ 
culus  that  is  better  than  the  Co-operative  Mathematics  Tests:  Calculus" 
(1972:521). 

NULL  HYPOTHESES 

The  data  gathered  from  the  testing  program  described  in  the 
preceding  pages  were  used  in  statistical  analyses  designed  to  test  the 
following  null  hypotheses. 

Null  Hypothesis  1.  The  correlation  coefficient  between  a  given 
student  characteristic  and  achievement  scores  is  not  significantly 
different  from  zero  at  the  .05  per  cent  level  of  confidence. 

In  each  setting  (lecture  and  independent  study)  this  hypothesis 
was  repeated  for  each  student  characteristic  (each  student  aptitude, 
personality,  and  motivation  factor)  and  stated  separately  for  six  sets 
of  achievement  scores  (four  term  tests,  a  final  examination,  and  the 
Co-operative  Mathematics  Test) . 

Null  Hypothesis  2.  The  square  of  the  multiple  correlation 
coefficient  between  a  combination  of  predictor  variables  (student 
characteristics)  and  the  criterion  achievement  variable  is  not  signifi¬ 
cantly  different  from  zero  at  the  .05  per  cent  level  of  significance. 
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In  each  setting  (lecture  and  independent  study)  this  hypothesis 
will  be  repeated  for  each  student  characteristic  (each  aptitude, 
personality,  and  motivation  factor). 

Null  Hypothesis  3.  The  square  of  the  multiple  correlation  coef¬ 
ficient  between  a  combination  of  predictor  variables  (student 
characteristics)  and  the  criterion  variable  of  whether  a  student  is 
or  is  not  a  dropout  is  not  significantly  different  from  zero  at  the 
.05  per  cent  level  of  significance. 

This  hypothesis  was  tested  for  one  group  of  all  students 
(students  in  the  lecture  and  independent  study  settings  combined  to 
form  one  group)  and  repeated  for  each  setting  separately. 

Null  Hypothesis  4.  There  is  no  significant  difference  in  the 
mean  scores  for  a  given  student  characteristic  between  the  student 
dropouts  and  the  students  completing  the  course. 

In  each  setting  (lecture  and  independent  study)  this  hypothesis 
was  repeated  for  each  student  characteristic  (each  aptitude,  persona¬ 
lity  and  motivation  factor) . 

The  foregoing  null  hypotheses  were  tested  to  fulfill  the  main 
purpose  of  the  investigation  which  was  to  examine  the  importance  of 
student  characteristics  with  respect  to  calculus  achievement  scores  in 
each  of  the  two  learning  settings.  The  following  null  hypotheses  were 
tested  to  fulfill  the  secondary  purpose  of  the  study  which  was  to  compare 
the  independent  study  and  lecture  methods  in  terms  of  student  achieve¬ 
ment  and  dropout  ratios. 

Null  Hypothesis  5.  There  is  no  significant  difference  in  the 
mean  criterion  achievement  scores  between  lecture  and  independent  study 
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groups . 

This  hypothesis  was  repeated  for  each  of  the  six  sets  of  achieve¬ 
ment  scores  (four  term  tests,  a  final  examination,  and  the  Co-operative 
Mathematics  Test). 

Null  Hypothesis  6.  There  is  no  significant  difference  in  the 
dropout  ratios  between  the  lecture  and  independent  study  groups. 

THE  ANALYSIS 

Each  student  who  had  written  the  tests  of  the  study  was  assigned 
an  identification  number.  The  identification  number,  age,  test  scores, 
and  dropout  code  number  for  each  student  were  punched  on  IBM  cards  in 
preparation  for  data  processing. 

Tables  of  Pearson  product-moment  correlations  between  test 
scores  and  the  criterion  achievement  scores  were  prepared  for  each  of 
the  independent  study  and  lecture  groups.  The  tables  allow  an  inspec¬ 
tion  of  the  "closeness"  of  linear  relationships  between  the  predictor 
variables  and  the  criterion  achievement  scores. 

The  correlation  coefficients  and  the  corresponding  probabilities 
that  the  correlations  in  the  population  from  which  the  sample  was  drawn 
are  equal  to  zero  were  used  to  test  Null  Hypothesis  1. 

Multiple  regression  analysis  was  used  to  construct  a  linear 
combination  of  independent  variables  (student  characteristics)  which 
"best"  predicts  the  dependent  or  criterion  variable  (achievement  scores). 
A  "stepwise"  regression  procedure  was  used  to  arrive  at  a  prediction 
equation  of  the  form: 

y  =  b0  +  blXl  +  b2x2  +  b3x3  .  .  .  +  bnxn  +  e 
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in  which 

y  is  the  dependent  variable; 

x^,  x^,  x^,  .  .  . ,  xn  are  the  independent  variables; 

bg,  b^,  b^,  .  .  . ,  bR  are  the  coefficients  that  produce  the 


"best"  equation;  and 

e  is  the  error  term  (the  difference  between  the  predicted  and 

actual  values  of  the  dependent  variable) .  The  "best"  equation  is 

defined  by  the  coefficients,  b~,  b. ,  .  .  b  ,  that  make  the  sum  of 

0  1  n 

2 

e  a  minimum  for  a  particular  series  of  criterion  values  and  predictor 
values  obtained  from  a  given  sample. 

"Stepwise"  regression  procedures  produce  a  series  of  regression 
equations  of  the  form: 


-  b?>  +  b<3>x,  +  e(1> 


0 


1  1 


,  (2)  (2)  (2)  (2) 

=  b„  +  b,  x„  +  b„  x„  +  e 


0 


1  1  2  2 


=  b<3>  +  b.(3)x.  +  b<3>x„  +  bp>«.  +  e(3) 


0 


1  1  2  2  3  3 


At  each  successive  step,  a  new  variable  is  added  to  make  an  improvement 
in  the  prediction  equation.  Usually  one  adds  the  variable  which  accounts 
for  the  greatest  reduction  in  the  sum  of  the  squared  error  terms  or  which 
accounts  for  the  greatest  proportion  of  the  remaining  variance  of  the 
dependent  or  criterion  variable.  New  coefficients  are  found  at  each  step 
to  produce  the  "best"  equation  in  terms  of  the  specific  variables  included 
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in  the  equation  at  that  step. 

The  stepwise  procedure  used  in  this  study  was  programmed  for 
computer  use  and  is  outlined  by  Nie,  Bent,  and  Hull  (1970).  With  this 
procedure,  the  user  enters  into  regression  the  variables  he  wishes 
included  and  in  the  order  he  wishes  them  included.  One  may  first  enter 
the  variable  most  highly  correlated  with  the  criterion  variable.  The 
procedure  then  computes,  for  each  of  the  variables  not  in  the  equation, 
an  IT  ratio  giving  a  test  of  the  hypothesis  that  the  variable  would  make 
no  significant  contribution  to  the  prediction  if  it  were  to  enter  the 
regression  equation  next.  This  _F  ratio  also  measures  the  significance  of 
the  partial  correlation  of  that  variable  with  the  criterion  variable. 

If  the  variable  enters  the  equation  at  the  next  step,  the  _F  value  will 
remain  the  same.  At  each  step  of  the  regression  analysis  the  F^  ratios  of 
the  remaining  variables  not  in  the  equation  are  computed. 

At  each  step  of  this  regression  program  the  following  values  are 

output : 

1.  The  regular  regression  coefficients,  b^,  b^,  •  •  •»  b^, 

listed  as  B  values  and  normalized  regression  coefficients 
listed  as  BETA  values. 

2.  The  standard  error,  S,  associated  with  each  regular  coeffic¬ 
ient  estimate. 

3.  The  F  value  measuring  the  relative  size  of  B  and  S. 


This  value  tests  the  significance  of  the  coefficient  for  each 
variable  in  the  best  prediction  equation. 
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4.  The  multiple  correlation  coefficient,  R,  between  the  criter¬ 
ion  and  the  predictor  variables. 

2 

5.  The  squared  multiple  correlation,  R  ,  measuring  the  propor¬ 
tion  of  variance  shared  by  the  criterion  and  predicted  scores. 

A  phrase  commonly  used  in  place  of  "variance  shared  by  the 
criterion  and  predicted  scores"  is  "variance  accounted  for  by 
the  regression  equation." 

6.  The  standard  deviation  of  the  residual  which  is  a  measure  of 
the  standard  error  of  the  predicted  y. 

7.  The  sum  of  squares  about  regression  which  is  the  sum  of 
squares  about  the  predicted  values  of  the  criterion  (SSR) . 

8.  The  sum  of  squares  due  to  regression  or  the  error  sum  of 
squares  (SSE) . 

9.  The  regression  mean  square  (MSR)  and  the  residual  mean  square 
(MSE) . 

10.  An  F  ratio,  F  ,  distributed  with  m  and  N-m-1  degrees  of 
—  R 

freedom  testing  the  significance  of  the  regression  equation 

representing  more  than  mere  chance  or  testing  the  significance 
2 

of  R  being  different  from  zero.  N  is  the  number  of  subjects 

and  m  is  the  step  number. 

_  SSR/m  =  MSR. 
k  SSE/ (N-m-1)  MSE* 

This  F^  value  can  be  shown  to  be  equivalent  to  the  F^  value  for 

2 

testing  the  significance  of  R  as  given  by  Cooley  and  Lohnes 
(1962),  namely. 


■ 


' 


69 


F  =  RZ (N-m-1) 


(1-R2)m 


Using  the  fact  that  R 


SSR 


SSE+SSR 


,  one  can  show  the 


equivalence  by  substitution. 

11.  The  partial  correlation  between  each  independent  variable  not 
in  the  equation  and  the  dependent  variable  when  the  indepen¬ 
dent  variables  in  the  regression  equation  are  controlled  for. 

12.  The  I?  ratio  for  each  prospective  variable  giving  a  test  of 
the  hypothesis  that  the  variable  would  make  no  significant 
contribution  if  it  were  to  enter  the  regression  equation  at 
the  next  step. 

13.  The  "tolerance"  of  each  prospective  variable  indicating 
whether  or  not  a  new  "dimension"  is  being  added  to  the  predic¬ 
tion  equation.  If  the  tolerance  is  small,  then  that  variable 
is  nearly  a  linear  combination  of  variables  already  in  the 
equation.  "Tolerance"  values  range  between  0  and  1. 

A  summary  table  is  given  as  output  as  well.  The  table  contains  the 

2  2 

multiple  R,  the  squared  multiple  correlation,  R  ,  the  change  in  the  R 
from  the  value  of  the  previous  step,  the  correlation  coefficients  between 
each  predictor  variable  and  the  criterion  variable,  and  the  regular  and 
normalized  regression  coefficients. 

In  this  study,  a  predictor  variable  was  retained  in  the  predic¬ 
tion  equation  if  the  value  of  the  entering  variable  and  the  _F  value 

2 

testing  the  significnace  of  R  exceeded  the  0.05  level  of  confidence. 

Null  Hypothesis  2  and  Null  Hypothesis  3  were  tested  using  the 
stepwise  regression  analysis  decribed  in  the  preceding  pages. 
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For  each  factor  obtained  from  the  tests  of  this  experiment,  a 


mean  and  a  standard  deviation  were  determined  for  the  following  groups: 


1.  Independent  study  students. 

2.  Lecture  students. 

3.  Lecture  dropouts  (lecture  students  not  writing  the  final 
examination  and  Co-operative  Mathematics  Test). 

4.  Independent  study  dropouts  (independent  study  students  not 
writing  the  final  examination  and  Co-operative  Mathematics 
Test) . 

5.  Independent  study  students  writing  the  final  examination  and 
the  Co-operative  Mathematics  Test. 

6.  Lecture  students  writing  the  final  examination  and  the 
Co-operative  Mathematics  Test. 


Tables  of  means  and  standard  deviations  prepared  for  each  of  the  above 
groups  allow  a  comparison  of  the  relative  performance  of  each. 

Null  Hypothesis  4  was  tested  by  using  a  _t  test  to  compare  the 
mean  student  characteristic  scores  of  (4)  and  (5),  and  of  (3)  and  (6). 
Null  Hypothesis  5  was  tested  by  using  a  t^  test  to  compare  the  mean 
achievement  scores  of  (1)  and  (2).  In  addition,  the  t^  test  was  used  to 
compare  the  student  characteristic  mean  scores  of  (1)  and  (2)  to 
check  whether  the  process  of  random  sampling  used  in  this  study 
resulted  in  any  significant  differences  between  the  groups.  The  _t 
ratio  used  was: 


m 


2 


m 


1 
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where 

m^  and  m2  are  the  sample  means; 

s^  and  S2  are  the  sample  standard  deviations;  and 
and  ^  are  the  sample  sizes. 

The  significance  of  the  _t  value  was  determined  by  referring  to  a 
t_  distribution  table  and  using  ^  +  N2  -  2  degrees  of  freedom. 

Null  Hypothesis  6  was  tested  using  a  z  ratio  (Guilford,  1965)  to 
compare  the  dropout  ratios  of  the  lecture  and  independent  study  group. 
The  z  ratio  used  was: 


where 


p^  and  P2  are  the  two  sample  proportions; 
and  ^  are  the  sample  sizes; 


N  p  +  N2P2 

p  =  ■  - - - -  is  the  estimated  population  proportion;  and 

e  N  +  N2 

q  =  1  -  p  is  the  variance  of  estimated  population  proportion. 

Me  e 

The  present  chapter  has  consisted  of  a  description  of  the  experi¬ 
mental  design  including  the  statistical  procedures  followed  in  analysing 
the  data  collected  in  the  study  being  reported.  The  results  of  the 
analysis  are  presented  in  the  following  chapter. 


CHAPTER  IV 


RESULTS  OF  THE  STUDY 

INTRODUCTION 

It  is  the  purpose  of  this  chapter  to  present  detailed  results  of 
the  study  described  in  the  preceding  chapter.  To  facilitate  reporting 
results,  each  null  hypothesis  will  be  re-stated,  followed  by  an  analysis 
of  the  data,  and  then  a  decision  to  accept  or  reject  the  null  hypothesis. 

The  scores  on  the  tests  described  in  Chapter  III,  which  form  the 
basis  for  the  results  of  this  chapter,  are  to  be  found  in  Appendix  I. 
Notice  that  certain  data  are  missing  for  some  students.  Eighteen  of  the 
129  students  failed  to  complete  all  of  the  testing  instruments  used  to 
gather  data  pertaining  to  the  student  characteristics.  Twelve  of  these 
18  students  eventually  dropped  out  of  the  course.  The  available  scores 
for  these  18  students  were  included  in  the  analysis  of  this  study  except 
for  the  multiple  regression  analysis.  The  Wonderlic  and  Van  Wagenen 
scores  were  available  for  only  60  students,  since  many  students  appar¬ 
ently  failed  to  complete  the  Mount  Royal  College  entrance  testing  program. 

Before  considering  the  results  related  to  the  null  hypotheses, 
note  that  Table  V  displays  the  means  and  standard  deviations  of  student 
characteristic  scores  obtained  from  the  tests  of  this  experiment  for  the 
67  independent  study  and  62  lecture  students.  The  number  of  students  for 
which  scores  are  available  are  indicated  in  the  table.  The  _t  ratios, 
which  were  used  to  test  for  significance  of  a  difference  between  the  group 
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Tabic  V 


Means,  Standard  Deviations 

(S.  D.). 

and 

Numbers  of 

Students  (N) 

for  Test 

Scores 

of  Independent  Study 

(IS) 

and  Lecture 

(L)  Students 

Treatment 

Variable 

Group 

Mean 

S.  D. 

N 

X.  ratio 

X2  : 

Age 

IS 

L 

20.35 

20.23 

2.03 

2.35 

6A 

60 

.05 

Xj  : 

Numerical  Ability 

IS 

L 

79.77 
82. 5A 

16.79 

1A.10 

61 

5A 

.96 

XA  5 

Abstract  Reasoning 

IS 

L 

7A.00 

73.30 

21.63 

2A.83 

60 

5A 

.16 

X5  : 

Wonderllc 

IS 

L 

81.58 

82.91 

17.  AA 

18.  A0 

31 

32 

.29 

X6  ! 

Van  Wagenen 

IS 

L 

222.50 
221. 9A 

51.86 

66.58 

30 

31 

.04 

*7  ! 

Costello  I 

IS 

L 

7.37 

6.66 

2.08 

2.35 

62 

58 

1.75 

*8  : 

Costello  II 

IS 

L 

6.82 

6.76 

2.61 

2.82 

62 

58 

.12 

X,  : 

16  PF  Factor  A 

IS 

L 

8.65 

7.55 

2.96 

3.26 

61 

58 

1.92 

xio: 

16  PF  Factor  B 

IS 

L 

8.66 

9.12 

1.60 

1.66 

61 

58 

1.5A 

*11 ! 

16  PF  Factor  C 

IS 

L 

1A.72 

1A.02 

3.67 

3.80 

61 

58 

1.02 

*12* 

16  PF  Factor  E 

IS 

L 

12.68 

13.90 

A. 13 

A. 66 

61 

58 

1.51 

*13 5 

16  PF  Factor  F 

IS 

L 

1A.00 

1A.36 

A. 25 

5.19 

61 

58 

.A1 

X1A: 

16  PF  Factor  G 

IS 

L 

11.39 
11. A7 

3.56 

3.81 

61 

58 

.12 

*15 5 

16  PF  Factor  H 

IS 

L 

11.87 

12.93 

6.19 

5.89 

61 

58 

.96 

*i6s 

16  PF  Factor  I 

IS 

L 

9.98 

10.02 

3. A0 

A. 18 

61 

58 

.06 

*17: 

16  PF  Factor  L 

IS 

L 

9.AA 

9.A8 

3.01 

3.21 

61 

58 

.07 

hs: 

16  PF  Factor  M 

IS 

L 

12.33 
12. 3A 

2.79 

3.AA 

61 

58 

.02 

hr 

16  PF  Factor  N 

IS 

L 

8.75 

7.90 

2.92 

3.1A 

61 

58 

1.53 

X20: 

16  PF  Factor  0 

IS 

L 

12.33 

11.21 

3.90 

A. 01 

61 

58 

1.5A 

X21: 

16  PF  Factor 

IS 

L 

10.89 

10.29 

2.91 

3.08 

61 

58 

1.09 

X22: 

16  PF  Factor  Q2 

IS 

L 

11.59 

12.  A1 

3.26 

3.52 

61 

58 

1.32 

. 

' 
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Table  V  (continued) 


Variance 

Treatment 

Croup 

Mean 

S.  D. 

N 

t_  ratio 

*23* 

16  FF  Factor  Q3 

IS 

L 

11.74 

11.86 

2.90 

3.05 

61 

58 

.22 

*24* 

16  FF  Factor 

IS 

X. 

13.52 

13.47 

4.54 

4.74 

61 

58 

.06 

*25 S 

16  FF  Exvla 

IS 

L 

4.51 

4.72 

1.69 

2.05 

61 

58 

.61 

*26 s 

16  FF  Anxiety 

IS 

L 

5.95 

5.86 

1.72 

1.60 

61 

58 

.30 

*27* 

16  FF  Cortertia 

IS 

L 

5.40 

5.99 

1.95 

1.94 

61 

58 

1.65 

*28 1 

16  FF  Independence 

IS 

L 

5.75 

6.03 

1.70 

1.91 

61 

58 

.84 

*29* 

MAT  Career  I 

IS 

L 

5.07 

4.70 

1.47 

1.45 

60 

56 

1.36 

*30* 

MAT  Home  I 

IS 

L 

4.63 

4.86 

1.62 

1.99 

60 

56 

.68 

*31* 

MAT  Fear  I 

IS 

L 

4.58 

5.14 

1.87 

1.87 

60 

56 

1.61 

*32* 

MAT  Narcissi  I 

IS 

L 

5.57 

4.96 

2.25 

2.23 

60 

56 

1.47 

*33* 

MAT  Superego  I 

IS 

L 

4.55 

4.39 

1.61 

1.62 

60 

56 

.53 

*34* 

MAT  Self-concept  I 

IS 

L 

5.13 

5.13 

1.90 

1.78 

60 

56 

0.00 

*35* 

MAT  Mating  I 

IS 

L 

5.92 

5.82 

2.00 

1.80 

60 

56 

.28 

*36* 

MAT  Pugnacity  I 

IS 

L 

5.85 

5.77 

2.04 

2.06 

60 

56 

.21 

*37* 

MAT  Assertiveness 

IS 

t 

4.22 

4.32 

1.83 

1.86 

60 

56 

.29 

*38* 

MAT  Sweetheart  I 

IS 

L 

5.10 

5.07 

1.92 

1.80 

60 

56: 

.09 

*39* 

MAT  Ceneral  Autism 

IS 

L 

4.77 

4.45 

1.84 

1.66 

60 

56 

.98 

*40* 

MAT  Ceneral 
Intelligence- 
Information 

IS 

L 

6.00 

5.79 

1.46 

1.42 

60 

56 

.79 

*41* 

MAT  Total 

Integration 

IS 

L 

5.23 

5.09 

1.83 

1.55 

60 

56 

.14 

*42* 

MAT  Total  Interest 

IS 

L 

5.08 

5.16 

1.56 

1.66 

60 

56 

.27 

*43* 

MAT  Total  Conflict 

IS 

L 

7.55 

7.63 

1.32 

1.25 

60 

56 

.34 

* 

P 


0.05 


. 
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means,  are  included.  The  _t  ratios  of  the  student  characteristic  means 
indicate  there  are  no  significant  differences  between  the  two  randomly 
assigned  groups  as  far  as  student  characteristics  are  concerned. 

NULL  HYPOTHESIS  1 

The  correlation  coefficient  between  a  given  student  characteristic 
and  achievement  scores  is  not  significantly  different  from  zero  at 
the  .05  per  cent  level  of  confidence. 

This  hypothesis  was  repeated  in  each  setting  (lecture  and  independent 
study)  for  each  student  characteristic  and  stated  separately  for  six 
sets  of  achievement  scores  (four  term  tests,  final  examination,  and  the 
Co-operative  Mathematics  Test). 

Appendix  K  gives  the  Pearson  correlation  coefficients  showing  the 
"closeness1'  of  a  linear  relationship  between  the  criterion  achievement 
tests  and  the  factors  measured  by  the  data  gathering  instruments  of  this 
study.  Table  VI  gives  the  correlations  for  those  factors  which  have 
significant  (at  the  0.05  level)  correlations  with  one  or  more  achieve¬ 
ment  tests  for  the  lecture  group.  The  symbols,  X^,  X^,  etc.  represent 
the  same  variables  as  indicated  in  Table  V. 

The  factor  most  consistently  highly  correlated  with  achievement 
tests  in  Table  VI  was  X^  (Van  Wagenen  Rate  of  Comprehension  Scale) . 

X.  was  significantly  correlated  in  a  positive  sense  with  Test  2,  Test  3, 
o 

Test  4,  the  CMT,  and  the  Final.  This  implies  that  the  students  with 
higher  scores  on  this  reading  comprehension  instrument  tended  to  score 
higher  calculus  test  scores  in  the  lecture  setting. 


...  ...  .  ■  .  ,  •  • 
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Correlations  of  Selected  Student  Characteristic  Scores  with  the  Term  Test  Scores, 
Co-operative  Mathematics  Test  (CMT)  Scores,  and  Final  Examination  Scores 

For  LECTURE  Students 
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X3  (DAT  Numerical  Ability  Score) ,  (DAT  Abstract  Reasoning 
Score) ,  and  X^  (Wonderlic  Score)  were  all  positively  related  with  all  the 
criterion  achievement  tests.  Significant  relationships  existed  between 
X^  and  Test  1,  Test  2,  Test  3,  and  the  CMT;  between  X^  and  Test  1  and 
Test  3;  between  X^  and  the  CMT.  The  importance  of  the  aptitude  factors 
agrees  with  the  review  of  the  literature  pertaining  to  aptitude  factors. 

In  particular,  these  results  agree  with  the  findings  of  Leidtke  (1971) 
where  intelligence  scores  and  reading  ability  were  significantly  related 
to  the  academic  success  of  grade  five  students  in  a  teacher  directed 
setting. 

There  were  consistent  negative  correlations  between  (16  PF 
Factor  F — Sober  versus  Happy-go-lucky)  and  the  criterion  tests.  Signi¬ 
ficant  correlations  occurred  with  Test  2,  Test  3,  Test  4,  and  the  CMT. 
Factor  F  is  one  of  the  most  important  components  of  the  second-order 
factor,  Exvia  (Introversion  versus  Extraversion).  The  negative  correla¬ 
tions  indicate  that  the  sober,  serious,  concerned,  or  cautious  student 
tended  to  achieve  higher  scores  in  the  lecture  setting  than  the  talkative, 
happy-go-lucky,  enthusiastic,  or  heedless  person. 

X14  (16  PF  Factor  G — Expedient  versus  Conscientious)  was  signifi¬ 
cantly  related  to  the  Co-operative  Mathematics  Test.  This  same  positive 
relationship  held  with  the  other  tests  except  for  Test  2;  however,  the 
correlations  were  low.  Cattell  et  al.  (1970)  indicated,  as  one  would 
expect,  a  positive  relationship  between  Factor  G  and  academic  achieve¬ 
ment  . 

X^^  (16  PF  Factor  H — Shy  versus  Venturesome)  was  negatively 
correlated  with  all  the  achievement  tests  and  had  a  significant  negative 
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relationship  with  Test  2.  This  relationship  implies  that  the  shy, 
restrained  student  tended  to  achieve  higher  scores  than  the  adventurous, 
responsive,  friendly,  impulsive,  or  carefree  student  in  the  lecture 
situation. 

(16  PF  Factor  L — Trusting  versus  Suspicious)  was  negatively 
correlated  with  all  the  achievement  tests.  Factor  L  was  significantly 
negatively  correlated  with  Test  4,  the  CMT,  and  the  Final.  Cattell  et 
al.  (1970)  reported  that  in  group  dynamic  experiments  the  high  scoring 
L  person  was  rated  unpopular,  and  groups  averaging  high  on  L  were 
significantly  less  cohesive,  and  low  on  morale.  The  lecture  setting  is 
basically  a  group  setting  and  the  negative  correlations  indicate  that 
students  scoring  low  on  L  tended  to  achieve  higher  calculus  scores  than 
those  with  higher  L  scores. 

(16  PF  Factor  N — Forthright  versus  Shrewd)  and  X2^  (16  PF 
Factor  Q1 — Conservative  versus  Experimenting)  were  both  positively 
correlated  with  all  the  criterion  tests.  Factor  N  was  significantly 
related  to  the  CMT  and  Factor  was  significantly  related  with  Test  1. 

X25  ^  Exvia — Introversion  versus  Extraversion)  was  negatively 

correlated  with  all  the  achievement  tests.  The  relationship  was  signifi¬ 
cant  with  Test  2. 

The  MAT  General  Autism-Optimism  score,  X^g,  was  significantly 
related  (negatively)  to  four  of  the  six  achievement  tests.  This  score 
is  a  measure  of  wishful  thinking  of  a  person  as  applied  to  his  own 
cognitions.  High  scores  indicate  a  general  feeling  of  well  being  and  a 
rosy  outlook  on  life.  Sweney  (1969)  pointed  out  that  a  depressed  score 
on  this  factor  is  an  indicator  of  the  "loser's  syndrome."  However,  in 


, 
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the  lecture  setting  of  this  study,  students  with  lower  scores  tended  to 
achieve  higher  calculus  scores  than  those  with  higher  General  Autism 
scores. 

Negative  correlations  occurred  between  (MAT  Total  Personal 
Interest)  and  achievement  tests.  was  significantly  related  to 

Test  2,  Test  A,  and  the  CMT.  The  relationship  with  the  Final  was  nearly 
significant.  Sweney  (1969)  indicated  that  this  score  is,  operationally, 
a  measure  of  total  motivation  and  life  interest. 

In  the  lecture  setting.  Null  Hypothesis  1  is  rejected  for  the  32 
cases  in  Table  VI  where  significant  correlations  occurred. 

Table  VII  gives  the  correlations  for  those  factors  which  had 
significant  (at  the  0.05  level)  correlations  with  one  or  more  achievement 
tests  for  the  independent  study  group. 

The  factor  most  consistently  highly  correlated  with  the  achieve¬ 
ment  tests  in  Table  VII  was  Xg:  Costello  Scale  II.  Xg  scores  were 
significantly  related  to  Test  2,  Test  A,  and  the  Co-operative  Mathematics 
Test  scores.  Scale  II  measures  the  disposition  or  need  of  a  person  to 
be  a  success  defined  in  terms  of  the  emulation  of  successful  people. 

Consistent  negative  correlations  occurred  between  X^  and  the 
achievement  tests.  X13  is  the  16  PF  Factor  F  (Sober  versus  Happy-go- 
lucky).  According  to  Cattell  et  al.  (1970),  Factor  F  is  one  of  the  most 
important  components  in  the  second-order  factor  of  Exvia  (Introversion 
versus  Extraversion).  The  negative  correlations  for  Factor  F  (signifi¬ 
cant  with  the  Final)  indicate  that  the  sober,  serious,  concerned,  or 
cautious  student  tended  to  achieve  higher  scores  in  the  independent  study 
setting  than  the  talkative,  happy-go-lucky,  enthusiastic,  or  heedless 
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Table  VII 

Correlations  of  Selected  Student  Characteristic  Scores 
with  the  Term  Test  Scores,  Co-operative  Mathematics 
Test  (CMT)  Scores,  and  Final  Examination  Scores 
for  INDEPENDENT  STUDY  Students 


Test 

*7 

X8 

X13 

X21 

Test  1 

-0.340* 

0.279 

-0.104 

0.020 

Test  2 

-0.081 

0.318* 

-0.182 

-0.126 

Test  3 

-0.176 

0.214 

-0.306 

0.016 

Test  4 

0.042 

* 

0.477 

-0.141 

-0.297 

CMT 

0.132 

* 

0.421 

-0.178 

-0.351 

Final 

0.328 

0.359 

* 

-0.555 

* 

-0.417 

Test 

X22 

X24 

X26 

X42 

Test  1 

0.339* 

0.246 

0.276 

-0.201 

Test  2 

0.126 

0.406* 

0.357* 

-0.318* 

Test  3 

0.335 

0.036 

0.079 

-0.305 

Test  4 

-0.105 

0.274 

0.248 

-0.338 

CMT 

0.345 

0.219 

0.193 

0.041 

Final 

0.201 

0.097 

0.160 

-0.354 

* 

p  <  0.05 


' 
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person. 

X2^  (16  PF  Factor  — Conservative  versus  Experimenting)  was 

significantly  correlated  (negatively)  with  the  Final.  There  was  also  a 
negative  correlation  with  Test  4  and  the  CMT.  The  negative  correlations 
are  in  contrast  to  the  positive  correlations  noted  in  the  lecture 
setting. 

X22  (16  PF  Factor  — Group  Dependent  versus  Self-sufficient)  was 

significantly  correlated  (positively)  with  Test  1  and  was  nearly  signifi¬ 
cant  with  Test  3  and  the  Co-operative  Mathematics  Test.  Cat tell  et  al. 
(1970)  claimed  that  Factor  is  a  major  component  of  the  second-order 
factor,  Exvia. 

X24  (16  PF  Factor  — Relaxed  versus  Tense)  was  positively  related 

with  achievement  scores;  the  relationship  with  Test  2  was  significant. 

The  second-order  factor  X2^  (16  PF  Anxiety — Low  versus  High)  was 
positively  related  with  the  achievement  tests;  there  was  a  significant 
relationship  with  Test  2. 

As  with  the  lecture  group,  the  MAT  Total  Personal  Interest  factor, 
X^2»  was  negatively  correlated  with  all  achievement  tests  except  the 
CMT.  The  relationship  was  significant  with  Test  2  and  nearly  significant 
with  Test  3,  Test  4,  and  the  Final. 

Notice  that  X^  (Costello  Scale  I)  was  significantly  correlated 
in  a  negative  sense  with  Test  1,  whereas  the  relationship  became 
positive  (nearly  significant)  with  the  Final. 

In  the  independent  study  setting.  Null  Hypothesis  1  is  rejected 
for  the  11  cases  in  Table  VII  where  significant  correlations  occurred. 

The  following  remarks  relate  to  the  correlations  for  the 
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independent  study  students  as  seen  in  Appendix  K. 

There  were  consistent  negative  correlations  between  and  the 
achievement  tests,  although  none  of  the  correlations  was  significant. 

X  is  the  16  PF  Factor  C  (Affected  by  Feelings  versus  Emotionally 
stable).  The  relationships  indicate  that  the  emotionally  less  stable 
student  tended  to  achieve  higher  scores  in  the  calculus  achievement 
tests. 

X^£.  (16  PF  Factor  H — Shy  versus  Venturesome)  was  negatively 
correlated,  although  very  low,  with  all  the  achievement  tests.  In  the 
lecture  group,  this  factor  also  correlated  negatively  with  the  achieve¬ 
ment  scores.  The  probability  of  observing  12  negative  correlations  by 

12 

chance  alone  would  be  (1/2)  ,  which  is  quite  small. 

The  second-order  factor  X^^  (16  PF  Exvia — Introversion  versus 
Extraversion)  correlated  negatively  with  all  the  achievement  tests. 
These  results  agree  with  the  review  of  the  literature  claim  for  the 
academic  superiority  of  the  introvert  in  higher  education.  The  same 
negative  correlations  were  noted  in  the  lecture  setting. 

The  MAT  Integrated  (I)  Mating  factor,  X^,.,  was  negatively 
correlated  (low)  with  the  achievement  tests.  Negative  relationships 
also  existed  between  the  MAT  Integrated  (I)  Sweetheart-Spouse  factor, 
X^g,  and  four  achievement  tests.  These  relationships  may  indicate  a 
tendency  for  students  having  a  lower  mating  drive  and  weaker  sentiments 
toward  a  wife  (husband)  or  sweetheart  to  achieve  higher  scores  in 
calculus  in  an  independent  study  setting. 
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NULL  HYPOTHESIS  2 

The  square  of  the  multiple  correlation  coefficient  between  a 

combination  of  predictor  variables  (student  characteristics)  and 

the  criterion  achievement  variable  is  not  significantly  different 

from  zero  at  the  .05  per  cent  level  of  significance. 

In  each  setting  (lecture  and  independent  study)  this  hypothesis  was 

repeated  for  each  of  the  achievement  variables. 

In  each  instructional  setting,  the  stepwise  regression  analysis 

outlined  in  Chapter  III  resulted  in  prediction  equations  for  each  of  the 

achievement  tests.  Information  pertaining  to  each  regression  equation 

is  summarized  in  a  table.  Each  table.  Tables  VIII  through  XI,  lists 

the  variables  that  made  a  significant  (0.05  level)  contribution  to  the 

prediction  of  the  criterion  variable  (achievement  test  scores)  in  the 

order  they  were  entered  into  the  regression  equation.  Included,  as  well, 

were  the  corresponding  multiple  correlations  (R)  with  the  criterion, 

F  ratios  (F  )  for  testing  the  significance  of  the  squared  multiple 
—  K 

2 

correlations  (R  ) ,  the  percentage  of  the  criterion  variance  accounted 

for  by  the  predicted  scores,  the  I?  value  testing  the  significance  of  the 

contribution  from  the  variable  added  at  each  step,  the  best  prediction 

equation,  the  _F  values  testing  the  significance  of  the  coefficients  for 

each  variable  in  the  prediction  equation,  and  the  simple  correlation 

coefficient  (r)  between  the  predictor  variable  entered  and  the  criterion 

variable.  A  predictor  variable  was  retained  in  the  prediction  equation 

if  the  F  value  of  the  entering  variable  and  the  F  value  (F  )  testing  the 
—  K 

2 

significance  of  R  exceeded  the  0.05  level  of  confidence. 
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The  Wonderlic  and  Van  Wagenen  variables  were  omitted  from  the 
regression  analysis  because  of  the  low  number  of  scores. 

The  results  pertaining  to  each  regression  equation  are  first 
given  for  the  lecture  students  and  then  reported  for  the  independent 
study  students. 

Table  VIII  relates  to  the  significant  predictors  of  the  final 
examination  scores  for  36  students  in  the  lecture  group.  The  variables 
included  were: 

1.  X2j:  16  PF  Factor  L — Trusting  versus  Suspicious. 

2.  :  DAT  Abstract  Reasoning. 

The  multiple  correlation,  R,  between  the  two  predictor  variables  and  the 
Final  was  0.575,  indication  that  33  per  cent  of  the  variance  of  the 
criterion  was  accounted  for  by  the  predictors.  The  squared  multiple 
correlation  was  significantly  different  from  zero  since  the  F  value  of 
8.16  is  greater  than  the  critical  I?  value  of  3.29  (0.05  level)  for  2  and 
33  degrees  of  freedom  and,  thus.  Null  Hypothesis  2  is  rejected  in  this 
case. 

The  Final  correlated  significantly  with  X,:  Van  Wagenen  Rate  of 

b 

Comprehension  and  x^y:  16  PF  Factor  L  (see  Table  VI).  The  correlation 
between  the  Van  Wagenen  scores  and  Factor  L  was  -0.052.  Thus,  if  the 
Van  Wagenen  could  have  been  included  in  the  regression  equation, 
variance  accounted  for  may  have  been  considerably  more  than  the  33  per 
cent . 

Factor  F  was  correlated  significantly  with  most  of  the  criterion 
variables  but  did  not  appear  in  the  regression  equation  because  of  its 


Significant  Predictors  of  LECTURE  FINAL  Examination  Scores  in  the  Order 
Entered  During  Stepwise  Regression  (N  =  36) 
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significant  correlation  (0.311)  with  Factor  L. 

The  regression  equation  would  predict  high  Final  scores  for 
students  with  low  Factor  L  scores  (more  trusting)  and  high  Abstract 
Reasoning  scores. 

Significant  predictors  of  the  Co-operative  Mathematics  Test 
scores  are  given  in  Table  IX  for  36  lecture  students.  The  variables 
entered  were: 


1. 

X39: 

2. 

X17: 

3. 

X14  = 

4. 

X28: 

5. 

Xll! 

MAT  General  Autism. 

16  PF  Factor  L — Trusting  versus  Suspicious. 

16  PF  Factor  G — Expedient  versus  Conscientious. 

16  PF  Independence. 

16  PF  Factor  C — Affected  by  Feelings  versus  Emotionally 
Stable. 

The  multiple  correlation,  R,  between  the  four  predictor  variables  and  the 
CMT  was  0.746,  indication  that  56  per  cent  of  the  variance  of  the 
criterion  was  accounted  for  by  the  predictors.  The  squared  multiple 
correlation  was  significantly  different  from  zero  since  the  F  value  of 
7.52  is  greater  than  the  critical  £  value  of  2.68  (0.05  level)  for 
4  and  31  degrees  of  freedom,  and,  thus.  Null  Hypothesis  2  is  rejected 
in  this  case. 

Lecture  students  with  low  scores  on  General  Autism,  Factor  L  and 
Factor  C  along  with  high  scores  on  Factor  G  and  Independence  would 
achieve  high  scores  on  the  Co-operative  Mathematics  Test  according  to 
this  prediction  equation.  These  students  would  tend  to  be  trusting, 
conscientious,  emotionally  unstable,  dependent  and  pessimistic. 


X^:  Numerical  Ability  was  significantly  correlated  with  the 


t 


'  -I  ■ 

■J: 


Significant  Predictors  of  LECTURE  CO-OPERATIVE  MATHEMATICS  TEST  Scores  in  the  Order 

Entered  During  Stepwise  Regression  (N  =  36) 


87 


P 


p 

0)  0)  o 

DO  O  ft) 

a 

4-1  Cd  'O 
G  *H  d) 
d)  P  4-1 
CJ  Ofl  a 

p  >  d 
a)  o 

Pi  <4-i  a 
°  < 


Pi 


P 


G 

H  G 
o  a 

CD  *H  O 
U  CD  -rl 
CO  4-1 

<y  cd 
u  d 

(jfl  o' 

d>  w 


o 

4J 

o 


dJ  Pi 
M 
Ph 


p 

d)  0 

4-4 

CO 


i"- 

r-^ 

o 

I 


m 

o 


co 

cn 

05 

CO 

• 

o 

I 


CO 

05 


m 

05 

05 

CM 


r-« 

co 

m 


m 

o 


n- 

o 

CO 


CO 

CO 


CM 
r— I 
• 

o 


m 

r— i 

m 

o 


co 


m 

vo 

• 

co 


o 

O 

o 

CM 

CM 

CO 

• 

05 

• 

m 

• 

CM 

• 

50 

•  j 

xT* 

CM 

CM 

CM 

o 

m 

CM 

CO 

m 

m 

50 

CM 

00 


t — 1 


Ml- 


05 

CO 


X 


r ■» 

^  >? 
co 


X 


05 

CO 


X 


CM 


co 


CM 

m 


d)  o 

rH  iH 

CM 

05 

r->. 

CO 

P  4-4 

r-> 

CO 

rH 

CO 

m 

•H  cd 

r>- 

r>- 

in 

o 

4-4  H  Pi 

m 

50 

rH  d) 

• 

• 

• 

• 

• 

G  M 

o 

o 

o 

O 

o 

S  M 

O 

CJ 

co 

CM 

X 


X 


X 

* 

05 

X^ 


X 


co 

CM 


X 


X 


X 


05 

CO 


X 


m 


X 

co 

m 

• 

o 

i 


co 

CM 


X 

m 

o 

• 

CM 

+ 


i— I 

+ 

I" 

r- 

X 

n- 


05 

co 


X 


05 


05 

m 


co 


Ph 

O 

I 

o 

CJ 


a 

o 


cd 

d 

cr 

W 

g 

o 

•H 

4-4 

O 

•H 

TJ 

d) 

P 

P 

4-1 

CO 

<u 


m 

50 

CO 


CM 

05 


r*- 

r* 

• 

co 


CO 

CM 

• 

m 


05 

*o 


co 

o 

•H 

4J 

3 

P 

4J 

g 

<u 


14-4 

<4-4 

d) 

o 

cj 


in 

o 


d) 

o 

§ 

d> 

a 

d) 

c 


p 

Ph 

50 


00 

CM 


X 


o 

u 

o 

4J 

o 

cd 

P 

P 

P 

50 


ST 

rH 

X 


p 

O 

4-4 

O 

cd 

p 

P 

p 

50 


X 


3 


cd 

P 

d) 

a 

d) 

o 


05 

CO 


X 


CJ 

p 

o 

4-» 

O 

cd 

p 

p 

p 

50 


X 


88 


Co-operative  Mathematics  Test  (see  Table  VI).  However,  Numerical 
Ability  does  not  appear  in  the  regression  equation  since  General 
Autism  and  Numerical  Ability  were  highly  correlated. 

The  regression  analysis  tables  corresponding  to  the  term  tests 
for  the  lecture  group  are  in  Appendix  L.  Null  Hypothesis  2  is  rejected 
for  each  of  the  tests  since  the  critical  I?  value  was  exceeded  in  every 
case. 


The  predictor  variables  entered  into  regression  for  Test  4  were: 


42 


2.  X, 


3.  X 


32 


1.  X,„:  MAT  Total  Personal  Interest 

DAT  Numerical  Ability 
MAT  Integrated  Narcism 
Students  with  low  Total  Personal  Interest  scores,  high  Numerical  Abil¬ 
ity,  and  high  Narcism  scores  would  achieve  high  scores  on  Test  4 
according  to  the  resultant  regression  equation. 

The  predictor  variables  entered  into  regression  for  Test  3  were: 


1.  X, 


2.  X 


13 


3.  X 


30 


4.  X 


18 


5.  X 


10 


DAT  Numerical  Ability 

16  PF  Factor  F — Sober  vs.  Happy-go-lucky 
MAT  Integrated  Home 

16  PF  Factor  M — Practical  vs.  Imaginative 
16  PF  Factor  B — Less  Intelligent  vs.  More  Intelligent 
16  PF  Exvia — Introversion  vs.  Extraversion. 

Students  with  high  Numerical  Ability  and  Factor  B  (more  intelligent) 
scores  along  with  low  Factor  F  (sober)  MAT  Home  and  Factor  M  (practical) 
scores  would  achieve  high  scores  on  Test  3  according  to  the  regression 
equation.  The  positive  contribution  of  X^^  to  the  regression  equation  is 
strange  in  view  of  the  negative  correlation  between  X^^  and  Test  3  scores. 


6.  X 


25 
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The  predictor  variables  entered  into  regression  for  Test  2  were: 


1.  X39:  General  Autism. 

2.  X3  :  DAT  Numerical  Ability. 

3.  xi3:  16  TT  Factor  F — Sober  versus  Happy-go-lucky. 

Students  with  low  General  Autism  and  Factor  F  (sober)  scores  along  with 
high  Numerical  Ability  scores  would  achieve  high  Test  2  scores  according 
to  the  regression  equation. 


The 

pred 

1. 

X3  : 

2. 

X21* 

3. 

X13  = 

4. 

X38: 

5. 

X35! 

6. 

X32: 

7. 

*11 : 

8. 

X14: 

DAT  Numerical  Ability. 

16  PF  Factor  — Conservative  versus  Experimenting. 

16  PF  Factor  F — Sober  versus  Happy-go-lucky. 

MAT  Integrated  Sweetheart. 

MAT  Integrated  Mating. 

MAT  Integrated  Narcism. 

16  PF  Factor  C — Affected  by  Feelings  versus  Emotionally 
Stable. 


Students  with  low  Factor  F  (sober),  MAT  Sweetheart,  and  MAT  Narcism 

% 

scores  along  with  high  Numerical  Ability,  Factor  (experimenting), 

MAT  Mating,  Factor  C  (emotionally  stable),  and  Factor  G  (conscientious) 
would  achieve  high  Test  1  scores  according  to  the  regression  equation. 

Table  X  gives  information  relating  to  the  significant  predictors 
of  the  final  examination  scores  for  27  students  in  the  independent  study 
groups.  The  variables  entered  were: 

1.  x^3:  ^6  Factor  F — Sober  versus  Happy-go-lucky. 


2.  X, 


8 


Costello  Scale  II. 


Significant  Predictors  of  INDEPENDENT  STUDY  FINAL  Examination  Scores  in 
the  Order  Entered  During  Stepwise  Regression  (N  =  27) 
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The  multiple  correlation,  R,  between  the  two  predictor  variables  and  the 
Final  was  0.657,  indication  that  43  per  cent  of  the  variance  of  the 
criterion  was  accounted  for  by  the  predictors.  The  squared  multiple 
correlation  was  significantly  different  from  zero  as  the  critical  1?  value 
at  the  0.05  level  for  2  and  24  degrees  of  freedom  is  3.40,  and,  thus, 

Null  Hypothesis  2  is  rejected  in  this  case. 

\ 

Students  with  low  Factor  F  (sober)  scores  and  high  Costello 
Scale  II  scores  would  achieve  high  Final  scores  according  to  the  regres¬ 
sion  equation. 

The  Final  correlated  significantly  with  16  PF  Factor  Q^, 

as  can  be  seen  from  Table  VII;  however,  this  factor  did  not  make  a 
significant  contribution  to  the  regression  equation  after  the  above  two 
variables  had  entered. 

Significant  predictors  of  the  Co-operative  Mathematics  Test  is 
given  in  Table  XI  for  27  independent  study  students.  The  variables 
entered  were: 

1.  Xg  :  Costello  Scale  II. 

2.  ^22:  16  PF  Factor  — Group  Dependent  versus  Self-sufficient. 

3.  X2i:  16  PF  Factor  — Conservative  versus  Experimenting. 

4.  X32:  Integrated  Narcism. 

The  multiple  correlation,  R,  between  the  four  predictors  and  the  CMT  was 

0.759,  indicating  that  58  per  cent  of  the  variance  of  the  criterion 

variable  was  accounted  for  by  the  predictors.  The  squared  multiple 

correlation  was  significantly  different  from  zero  since  the  F  value  of 

R 

7.46  is  greater  than  the  critical  value  of  2.82  (0.05  level)  for  4  and 
22  degrees  of  freedom  and,  thus.  Null  Hypothesis  2  is  rejected  in  this 


' 


Significant  Predictors  of  INDEPENDENT  STUDY  CO-OPERATIVE  MATHEMATICS  TEST  Scores  in  the 

Order  Entered  During  Stepwise  Regression  (N  =  27) 
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case. 

Students  with  high  scores  on  Costello  Scale  II,  Factor  Q^,  and 
Narcism,  along  with  a  low  score  on  Factor  Q  ,  would  achieve  high  scores 
on  the  Co-operative  Mathematics  Test  according  to  the  prediction  equation. 
These  students  would  tend  to  be  self-sufficient  and  conservative  with  a 
high  need  to  achieve  (as  measured  by  the  Costello  Scale  II)  and  a  desire 
for  the  good  life. 

XQ  is  the  only  variable  significantly  correlated  to  the  CMT  scores 

O 

and  accounts  for  about  18  per  cent  of  the  variance  of  the  CMT  scores. 

The  regression  analysis  tables  corresponding  to  the  term  tests 
for  the  independent  study  group  are  in  Appendix  L.  Null  Hypothesis  2 
is  rejected  for  each  of  the  term  tests  for  the  independent  study  group. 

The  predictor  variables  entered  into  regression  for  Test  4  were: 
Costello  Scale  II. 

16  PF  Factor  N — Forthright  versus  Shrewd. 

MAT  Integrated  Career. 

16  PF  Factor  — Conservative  versus  Experimenting. 

MAT  Integrated  Assertiveness. 

16  PF  Factor  L — Trusting  versus  Suspicious. 

Students  with  high  scores  on  Costello  Scale  II,  Factor  N  (shrewd),  Factor 
Q  (experimenting) ,  and  MAT  Assertiveness  along  with  low  scores  on  the 
MAT  Career  and  Factor  L  (trusting)  would  achieve  high  scores  on  Test  4 
according  to  the  regression  equation. 

The  predictor  variables  entered  into  regression  for  Test  3  were: 

1.  X, 0 :  16  PF  Factor  M — Practical  versus  Imaginative. 

lo 

2.  X34:  MAT  Integrated  Self-concept. 
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3.  X38 :  MAT  Integrated  Sweetheart. 

Students  with  high  Factor  M  (imaginative)  scores  along  with  low  MAT 
Self-concept  and  MAT  Sweetheart  scores  would  achieve  high  scores  on 
Test  3  according  to  the  regression  equation. 

The  predictor  variables  entered  into  regression  for  Test  2  were: 


1. 

X24: 

16  PF  Factor  — Relaxed  versus 

Tense. 

2. 

X42: 

MAT  Total  Personal  Interest. 

3. 

X29  = 

MAT  Integrated  Career. 

4. 

X  : 
17 

16  PF  Factor  L — Trusting  versus 

Suspicious. 

5. 

X37: 

MAT  Integrated  Assertiveness. 

Students  with  high  Factor  (tense),  MAT  Career,  and  MAT  Assertiveness 
scores  along  with  low  MAT  Total  Personal  Interest  and  Factor  L  (trusting) 
scores  would  achieve  higher  Test  2  scores  according  to  the  regression 
equation. 

The  predictor  variables  entered  into  regression  for  Test  1  were: 

1.  :  Costello  Scale  I. 

2.  ^22 :  ^  Factor  ^2 — GrouP  Dependent  versus  Self-sufficient. 

3.  Xg  :  Costello  Scale  II. 

Students  with  low  Costello  Scale  I  scores  along  with  high  Costello  Scale 
II  and  Factor  (self-sufficient)  scores  would  achieve  high  scores  on 
Test  1  according  to  the  regression  equation. 


NULL  HYPOTHESIS  3 


The  square  of  the  multiple  correlation  coefficient  between  a 
combination  of  predictor  variables  (student  characteristics)  and 
the  criterion  variable  of  whether  a  student  is  or  is  not  a 
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dropout  is  not  significantly  different  from  zero  at  the  .05  per 

cent  level  of  significance. 

This  hypothesis  was  tested  for  one  group  of  all  students  and  repeated 
for  the  lecture  and  independent  study  groups  separately. 

By  using  the  stepwise  regression  procedure  outlined  in  Chapter 
III  on  the  data  from  112  students  (from  both  the  lecture  and  independent 
study  groups),  the  following  predictor  variables  were  selected: 

1.  :  DAT  Numerical  Ability. 

2.  ^22 :  ^  FF  Factor  ^2 — Group  Dependent  versus  Self-sufficient. 

3.  Xg  :  16  PF  Factor  A — Reserved  versus  Outgoing. 

The  criterion  variable,  y,  had  a  value  of  1  if  the  student  was  a  dropout 
and  a  value  of  0  if  the  student  was  not  a  dropout.  Table  XII  lists 
the  variables  that  made  a  significant  (0.05  level)  contribution  to  the 
prediction  of  y  in  the  order  they  were  entered  into  the  regression 
equation.  Also  included  is  the  same  information  that  was  given  in  the 
preceding  tables  for  the  prediction  of  achievement  scores. 

The  multiple  correlation,  R,  between  the  predictor  variables  and 
the  criterion  was  0.405,  indication  that  16  per  cent  of  the  variance  of 
the  criterion  was  accounted  for  by  the  predicted  scores.  The  squared 
multiple  correlation  was  significantly  different  from  zero  since  for  3 
and  108  degrees  of  freedom  the  critical  value  of  F.  at  the  0.05  level  is 
2.70,  and  thus,  Null  Hypothesis  3  is  rejected  in  this  case. 

Students  with  low  scores  on  Numerical  Ability,  Factor  (group 
dependent)  and  Factor  A  (reserved)  tended  to  drop  out  according  to  the 
dropout  prediction  equation.  However,  considering  that  only  16  per  cent 
of  the  total  variance  is  accounted  for  by  the  equation,  one  can  say  that 
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Significant  Predictors  of  DROPOUTS  in  the  Order  Entered 
During  Stepwise  Regression  (N  =  112) 
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the  prediction  equation  is  of  little  use. 

Table  XIII  gives  the  results  of  the  stepwise  regression  analysis 
for  predicting  dropouts  among  58  independent  study  students.  Those 
variables  that  made  a  significant  contribution  to  the  prediction  of  y 
(y  =  1  if  the  student  was  a  dropout;  y  =  0  if  the  student  was  not  a 
dropout)  follow: 

1.  X^g :  16  PF  Factor  M — Practical  versus  Imaginative. 

2.  X^qI  16  PF  Factor  B — Less  Intelligent  versus  More  Intelligent. 
The  multiple  correlation,  R  between  the  predictor  variables  and  the 
criterion  was  0.408,  indicating  that  17  per  cent  of  the  variance  was 
accounted  for  by  the  predicted  scores.  The  squared  multiple  correlation 
was  significantly  different  from  zero  since  the  critical  £  value  for  2 
and  55  degrees  of  freedom,  at  the  0.05  level,  is  3.17  and  thus,  Null 
Hypothesis  3  is  rejected  for  the  independent  study  group. 

Students  with  low  Factor  M  (practical)  scores  and  high  Factor  B 
(more  intelligent)  tend  to  drop  out  according  to  the  regression  equation. 

Table  XIV  gives  the  results  of  the  stepwise  regression  analysis 
for  predicting  dropouts  among  54  lecture  students.  The  variables  making 
a  significant  contribution  are: 

1.  X^  :  DAT  Numerical  Ability. 

2.  X^:  MAT  Integrated  Mating. 

The  multiple  correlation,  R,  was  0.306,  indication  that  14  per  cent  of 
the  variance  was  accounted  for  by  the  prediction  equation.  The  squared 
multiple  correlation  was  significantly  different  from  zero  since  the 
critical  £  value,  for  2  and  51  degrees  of  freedom,  at  the  0.05  level,  is 
3.18,  and  thus,  Null  Hypothesis  3  is  rejected  for  the  lecture  group. 


' 
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Significant  Predictors  of  INDEPENDENT  STUDY  DROPOUTS  in  the  Order 
Entered  During  Stepwise  Regression  (N  =  58) 
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Significant  Predictors  of  LECTURE  DROPOUTS  in  the  Order 
Entered  During  Stepwise  Regression  (N  =  54) 
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Students  with  low  scores  on  both  Numerical  Ability  and  Mating 
tended  to  drop  out  according  to  the  regression  equation. 

NULL  HYPOTHESIS  4 

There  is  no  significant  difference  in  the  mean  scores  for  a  given 
student  characteristic  between  the  student  dropouts  and  the 
students  completing  the  course. 

In  each  setting  (lecture  and  independent  study)  this  hypothesis  was 
repeated  for  each  student  characteristic  (each  aptitude,  personality, 
and  motivation  factor) . 

Means  and  standard  deviations  of  scores  from  the  tests  of  the 
student  characteristics  for  the  independent  study  dropouts  and  the 
independent  study  students  who  wrote  the  final  examination  and  the  Co¬ 
operative  Mathematics  Test  (independent  study  non-dropouts)  were  computed. 
In  order  to  test  for  significance  of  a  difference  between  the  group 
means  the  Jt  ratio  described  in  Chapter  III  was  used.  Table  XV  lists  the 
student  characteristics  which  had  significant  group  mean  differences. 

The  jt  ratios  indicate  a  significant  difference  in  the  means  of 
X^g :  16  PF  Factor  M — Practical  versus  Imaginative  and  X^,.:  MAT  Integra¬ 

ted  Mating. 

The  independent  study  dropouts  had  a  lower  mean  score  on  Factor  M 
than  the  independent  study  non-dropouts.  According  to  the  characteris¬ 
tics  of  Factor  M,  one  can  say  the  independent  study  dropout  tended  to  be 
more  conventional,  more  concerned  with  his  or  her  immediate  interests 
and  issues,  whereas  the  student  who  stayed  in  the  independent  study 
setting  tended  to  be  unconventional,  absorbed  in  ideas,  imaginative, 
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Table  XV 


Means,  Standard  Deviations  (S.  D.),  and  Numbers  of  Students  (N) 
for  Selected  Student  Characteristic  Scores 
of  INDEPENDENT  STUDY  DROPOUTS  and 
INDEPENDENT  STUDY  NON-DROPOUTS 


Variable 

Group 

Mean 

S.  D. 

N 

t_  ratio 

16  PF  Factor  M 

Dropout 

11.69 

3.03 

32 

* 

Non-dropout 

13.30 

2.12 

27 

2.39 

X35:  MAT  Mating  I 

Dropout 

6.41 

1.93 

32 

* 

Non-dropout 

5.30 

1.88 

27 

2.23 

* 


p  <  0.05 
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and  interested  in  art,  theory,  and  basic  beliefs.  Cattell  et  al.  (1970) 
stated : 

In  terms  of  criteria,  high  M  individuals  in  groups  tend  to  feel 
unaccepted,  but  unconcerned  ....  They  express  significantly 
more  dissatisfaction  with  the  group  unity  and  the  group’s  regard 
for  rules  of  procedure  ....  Occupationally,  high  M  occurs  in 
artists,  researchers,  some  planning  executives,  and  many  editors; 
low  M  in  occupations  requiring  mechanical  sense,  realism,  and 
alertness.  [1970:98] 

The  independent  study  dropout  had  a  higher  MAT  Integrated  Mating 
mean  score  than  the  independent  study  non-dropout.  This  scale  measures 
heterosexual  interest  directed  toward  the  sexual  act  itself  and, 
according  to  Sweney  (1969) ,  a  high  score  will  indicate  in  most  cases  an 
active  participative  interest  in  sexual  intercourse.  Thus,  one  might 
say  that  the  independent  study  dropout  seemed  to  be  more  interested  in 
pursuing  sex  than  in  studying  calculus. 

There  were  no  significant  differences  between  the  group  mean 
"aptitude"  scores  such  as  Numerical  Ability,  Abstract  Reasoning,  Wonder- 
lie,  Van  Wagenen,  16  PF  Factor  B,  and  MAT  General  Intelligence-Informa¬ 
tion  scores.  Also,  there  were  no  significant  differences  in  the  Costello 
Scales  measuring  "need  to  achieve." 

Means  and  standard  deviations  of  scores  from  the  tests  of  the 
student  characteristics  for  lecture  dropouts  and  the  lecture  students  who 
wrote  the  final  examination  and  the  Co-operative  Mathematics  Test 
(lecture  non-dropouts)  were  computed.  The  _t  ratios  in  Table  XVI  show 
significant  differences  in  the  group  mean  scores  for  variable  DAT  Numeri¬ 
cal  Ability  and  MAT  Integrated  Sweetheart. 

The  lecture  dropouts  had  a  lower  mean  Numerical  Ability  score 
than  the  lecture  non-dropouts.  There  were  no  significant  differences 
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Table  XVI 


Means,  Standard  Deviations  (S.  D.)»  and  Numbers  of  Students  (N) 
for  Selected  Student  Characteristic  Scores  of  LECTURE 
DROPOUTS  and  LECTURE  NON-DROPOUTS 


Variable 

Group 

Mean 

S.  D. 

N 

t  ratio 

X_  :  DAT  Numerical 
Ability 

Dropout 

75.24 

14.70 

17 

* 

2.51 

Non-dropout 

85.58 

12.48 

36 

X^g :  MAT  Sweetheart  I 

Dropout 

5.74 

1.71 

19 

* 

Non-dropout 

4.75 

1.77 

36 

2.02 

* 

p  <  0.05 
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for  the  other  aptitude  variables. 

The  lecture  dropouts  had  a  higher  MAT  Integrated  Sweetheart  mean 
score  than  the  lecture  non-dropouts.  This  scale  measures  more  specific¬ 
ally  the  affectional  needs  of  the  subject  in  relation  to  a  person  of  the 
opposite  sex.  It  operates  independently  of  the  mating  erg.  On  the  basis 
of  the  difference  observed  between  the  two  groups,  one  might  say  that  the 
lecture  dropouts  had,  compared  to  their  friends  going  to  lectures,  a 
higher  conscious  drive  for  romantic  love  relationships. 

On  the  basis  of  the  t^  ratios,  one  can  only  reject  Null  Hypothesis 
4  in  the  independent  study  setting  with  regard  to  the  16  PF  Factor  M 
and  the  MAT  Integrated  Mating.  In  the  lecture  setting,  one  can  reject 
Null  Hypothesis  4  with  respect  to  the  DAT  Numerical  Ability  and  the  MAT 
Integrated  Sweetheart. 


NULL  HYPOTHESIS  5 

There  is  no  significant  difference  in  the  mean  criterion  achieve¬ 
ment  scores  between  the  lecture  and  independent  study  groups. 

This  hypothesis  was  repeated  for  each  of  the  six  sets  of  achievement 
scores  (four  term  tests,  final  examination,  and  the  Co-operative 
Mathematics  Test) . 

Means  and  standard  deviations  of  achievement  test  scores  for  the 
independent  study  and  lecture  groups  are  given  in  Table  XVII;  _t  ratios, 
which  were  used  to  test  for  significance  of  a  difference  between  the 
group  means,  are  included. 

On  the  basis  of  the  _t  ratios,  one  must  reject  Null  Hypothesis  5 
for  Term  Test  2  and  Term  Test  3.  The  lecture  group  had  higher  mean 
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Table  XVII 


Means,  Standard  Deviations  (S.  D.)»  and  Number  of  Students  (N) 
for  Achievement  Test  Scores  of  the  Independent 
Study  and  Lecture  Groups 


Variable 

Group 

Mean 

S.  D. 

N 

t  ratio 

IS 

59.77 

22.52 

53 

X44 ' 

Term  Test  1 

L 

64.28 

19.48 

57 

1.12 

IS 

55.43 

21.80 

47 

* 

X45: 

Term  Test  2 

L 

67.32 

14.61 

47 

3.11 

IS 

54.40 

27.41 

30 

& 

X46  = 

Term  Test  3 

L 

70.48 

17.72 

42 

2.82 

IS 

62.25 

23.16 

28 

X47  * 

Term  Test  4 

L 

60.03 

18.53 

40 

0.42 

X48: 

Co-operative 

IS 

21.46 

7.02 

28 

7.85 

0.94 

Mathematics  Test 

23.18 

39 

L 

IS 

44.50 

26.81 

28 

X49* 

Final  Examination 

L 

46.69 

27.16 

39 

0.33 

* 

p  <  0.05 
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scores  on  all  tests  except  for  Term  Test  4. 


NULL  HYPOTHESIS  6 

There  is  no  significant  difference  in  the  dropout  ratios  between 
the  lecture  and  independent  study  groups. 

Table  XVIII  gives  the  numbers  of  students  involved  in  the  successive 
stages  of  the  calculus  course. 


Table  XVIII 

Number  of  Independent  Study  (IS)  Students,  Number  of 
Lecture  (L)  Students,  and  Total  Number  of  Students 
Involved  in  the  Successive  Stages  of  the 
Calculus  Course 


1 

2 

3 

4 

5 

6 

7 

Test 

1 

Test 

2 

Test 

3 

Test 

4 

CMT 

and 

Final 

Dropouts 

IS 

67 

53 

47 

30 

28 

28 

39 

L 

62 

57 

47 

42 

40 

39 

23 

Total 

129 

110 

94 

72 

68 

67 

62 

Column  1  shows  the  final  experimental  population  sizes  resulting 
from  the  random  assignment  of  the  students  into  the  two  groups. 

Column  2  shows  the  number  of  students  who  wrote  the  first  term 
test  or  Test  1.  Notice  that  14  independent  study  students  failed  to 
write  Test  1  whereas  only  5  lecture  students  did  not  write  this  test. 
Some  of  the  students  failed  to  show  up  because  they  acquired  jobs 
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and  others  because  of  changes  in  their  educational  plans.  Most  of  the 
students  in  the  independent  study  group  had  previously  experienced  only 
the  lecture  approach  or  variations  of  the  lecture  approach  to  instruc¬ 
tion;  thus,  some  of  these  students  dropped  the  course  because  they  felt 
they  could  not  learn  or  were  not  prepared  to  attempt  to  learn  in  this 
new  environment .  This  last  statement  partially  explains  the  large  num¬ 
ber  of  independent  study  students  failing  to  write  Test  1. 

Columns  3  to  6  show  the  numbers  of  students  writing  Test  2, 

Test  3,  Test  4,  the  Co-operative  Mathematics  Test  (CMT) ,  and  the  final 
examination  (Final) .  There  were  a  large  number  of  dropouts  in  the 
independent  study  group  between  Test  2  and  Test  3.  This  drastic  drop 
was  probably  due  to  several  factors  which  will  be  explained  in  the  next 
chapter . 

Column  7  gives  the  number  of  dropouts  for  each  of  the 
as  well  as  the  total  number  of  dropouts.  The  number  of  dropouts  is 
simply  the  total  number  in  Column  1  minus  the  number  of  students  who 
wrote  the  CMT  and  the  Final  in  Column  6.  Sixty-two  out  of  129  (48  per 
cent)  of  the  students  became  dropouts.  The  percentage  of  IS  students 
who  dropped  out  was  58,  as  compared  to  37  per  cent  of  the  lecture 
students.  Using  a  jz  ratio  to  compare  the  dropout  ratios  of  the  two 
groups,  a  Rvalue  of  2.4  was  found,  which  is  significant  at  the  0.05 
level  of  confidence.  Thus,  Null  Hypothesis  6  is  rejected. 
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CHAPTER  V 


SUMMARY,  CONCLUSIONS,  LIMITATIONS, 

AND  IMPLICATIONS 

INTRODUCTION 

This  study  has  been  concerned  with  mathematics  curriculum  develop¬ 
ment  and  methodology  of  the  teaching  of  calculus.  The  researcher  has 
adapted  mastery  learning  features  of  Carroll  (1963)  and  Bloom  (1968)  to 
a  one-semester,  first-year  university  calculus  course  resulting  in  an 
independent  study  approach  to  the  learning  of  calculus.  An  implicit 
attitude  which  led  to  the  present  study  was  that  there  is  no  one  best 
method  of  instruction  for  all  students.  In  fact,  it  was  assumed  that 
certain  teaching  methods  were  best  for  certain  kinds  of  students  defined 
in  terms  of  capabilities,  personalities,  aspirations,  and  backgrounds. 
Thus,  the  primary  purpose  of  this  investigation  was  to  determine  student 
characteristics  important  to  the  learning  of  calculus  in  a  traditional 
lecture  setting  and  to  contrast  these  with  student  characteristics 
important  to  the  learning  of  calculus  in  the  independent  study  setting. 
Student  characteristics  were  classified  under  the  three  general  areas  of 
aptitude,  personality,  and  motivation. 

SUMMARY  OF  THE  STUDY 

Two  calculus  classes  of  randomly  assigned,  first-year  university 
students  participated  in  the  study  at  Mount  Royal  College  during  the 
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1973  spring  semester.  One  class  of  67  students  received  their  instruc¬ 
tion  by  an  independent  study  approach  and  the  other  class  of  62  students 
by  a  lecture  approach.  The  study  was  designed  to  assess  the  importance 
of  student  characteristics  with  respect  to  the  learning  of  calculus  in 
each  of  the  two  learning  settings  and  to  describe  the  learning  outcomes 
of  the  two  learning  methods. 

At  the  beginning  of  the  semester,  the  students  were  administered 
a  test  battery  consisting  of  the  Numerical  Ability  and  Abstract  Reason¬ 
ing  tests  from  the  Differential  Aptitude  Tests  (DAT)  battery,  Cattell's 
Sixteen  Personality  Factor  Questionnaire  (16  PF) ,  Cattell's  Motivation 
Analysis  Test  (MAT),  and  Costello's  Achievement  Motivation  Scales  I  and 
II .  Scores  from  the  Wonderlic  Personnel  Test  and  the  Van  Wagenen  Rate 
of  Comprehension  Scale  were  obtained  from  the  Educational  Development 
Services  of  Mount  Royal  College.  Mathematical  achievement  scores  were 
obtained  during  the  semester  by  four  terra  tests,  a  final  examination, 
and  the  Co-operative  Mathematics  Test  (Calculus) . 

SUMMARY  OF  RESULTS  AND  CONCLUSIONS 

The  results  and  conclusions  are  summarized  as  answers  to  the 
questions  posed  in  Chapter  I. 

1 .  What  student  characteristics  can  be  used  to  predict  calculus 

achievement  scores  in  a  lecture  setting? 

One  of  the  most  important  factors  for  predicting  calculus 
achievement  in  the  lecture  setting  was  DAT  Numerical  Ability.  This 
factor  was  significantly  correlated  with  4  of  the  6  criterion  achievement 
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variables  and  appeared  in  4  of  the  6  regression  equations.  The  DAT 
Abstract  Reasoning  was  significantly  correlated  with  Numerical  Ability 
and  the  two  factors  were  never  in  a  regression  equation  together.  DAT 
Abstract  Reasoning  was  one  of  the  two  factors  in  the  regression  equation 
for  the  Final.  The  Van  Wagenen  Rate  of  Comprehension  was  significantly 
correlated  with  all  achievement  tests  except  for  Test  1;  however,  due  to 
the  small  number  of  available  scores,  this  factor  was  not  entered  into 
the  regression  analysis.  Thus,  aptitude  factors  played  a  strong  predic¬ 
tive  role  with  respect  to  achievement  in  a  lecture  setting. 

The  16  PF  Factor  F  (Sober  versus  Happy-go-lucky)  appeared  as  the 
other  most  important  factor  in  the  lecture  setting.  Factor  F  was  signi¬ 
ficantly  correlated  with  4  of  the  6  achievement  tests  and  appeared  in 
three  regression  equations.  As  mentioned  earlier.  Factor  F  is  a  major 
component  of  the  16  PF  second-order  factor,  Exvia.  Exvia  was  negatively 
correlated  with  all  the  achievement  tests.  Thus,  the  students  with  low 
scores  on  Factor  F  and  Exvia  tended  to  achieve  higher  scores  in  calculus. 
These  students  tended  to  be  serious,  introspective,  and  concerned  or  more 
generally  introverted,  as  measured  by  the  16  PF  scales. 

In  the  lecture  group,  the  MAT  General  Autism  factor  seemed  to  be 
an  important  factor.  It  was  significantly  correlated  in  a  negative  way 
with  4  of  the  6  achievement  tests  and  was  a  predictor  variable  in  two 
regression  equations.  General  Autism  was  significantly  correlated 
(positively)  with  another  important  factor,  MAT  Total  Personal  Interest. 
This  factor  appeared  in  the  regression  equation  for  Test  4,  while 
General  Autism  was  absent.  Students  with  low  scores  on  both  General 


Autism  and  Total  Personal  Interest  tended  to  achieve  higher  calculus 
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achievement  scores.  This  is  the  opposite  of  what  one  may  expect  from  the 
description  of  these  two  factors  given  by  Sweney  (1969).  General  Autism 
or  Optimism  is  a  "measure  of  wishful  thinking  applied  to  one's 
cognitions"  (Sweney,  1969:21),  with  high  scores  indicating  greater 
optimism  or  a  rosier  outlook  on  life.  Sweney  (1969)  indicated  that  low 
scores  on  this  factor  is  an  indication  of  the  "loser's  syndrome."  A  high 
Total  Personal  Interest  score  is,  supposedly,  indication  of  high  motiva¬ 
tion  and  life  interest. 

The  16  PF  Factor  L  (Trusting  versus  Suspicious)  was  significantly 
correlated  (negatively)  with  three  achievement  tests  and  appeared  in  two 
regression  equations,  being  the  most  important  factor  in  the  regression 
equation  for  the  Final.  Factor  L  was  significantly  correlated  (0.311) 
with  Factor  F  and  the  factors  never  appeared  in  a  regression  equation 
together,  although  one  or  the  other  appeared  in  5  of  the  6  regression 
equations  predicting  achievement  scores.  A  low  score  on  Factor  L 
indicated  a  trusting,  friendly,  easy-going,  and  relaxed  person,  accord¬ 
ing  to  the  verbal  description  of  this  factor.  Such  a  person  tended  to 
achieve  higher  scores  in  calculus  in  this  study. 

16  PF  Factor  G  (Expedient  versus  Conscientious)  appeared  as  a 
factor  in  two  regression  equations  for  the  lecture  group.  Students  with 
high  scores  (conscientious)  tended  to  achieve  higher  achievement  scores. 

Thus,  factors  from  the  aptitude,  personality,  and  motivation 
domains  played  predictive  roles  with  respect  to  calculus  achievement  in 
this  study.  DAT  Numerical  Ability,  DAT  Abstract  Reasoning,  and  the 
Van  Wagenen  Rate  of  Comprehension  were  the  important  aptitude  predictor 
variables.  The  more  important  personality  and  motivation  predictors 
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were  Factors  F,  L,  and  G  of  the  16  Personality  Factor  Questionnaire  and 
General  Autism  and  Total  Personal  Interest  of  the  Motivational  Analysis 
Test. 

On  the  basis  of  this  investigation,  it  would  be  predicted  that 
students  with  high  aptitude  scores,  low  Factor  L  and  Factor  F  scores, 
high  Factor  G  scores,  and  low  General  Autism  and  Total  Personal  Interest 
scores  should  achieve  the  higher  calculus  achievement  scores  in  the 
lecture  setting.  The  percentage  of  variance  accounted  for  by  the 
predictor  variables  of  the  regression  equation  ranged  from  33  per  cent 
for  the  Final  to  67  per  cent  for  Test  1. 

2 .  What  student  characteristics  can  be  used  to  predict  calculus 

achievement  scores  in  an  independent  study  setting? 

The  most  important  factor  for  predicting  calculus  achievement 
scores  in  the  independent  study  setting  was  Costello  Scale  II.  This 
factor  was  significantly  correlated  with  3  of  the  6  criterion  achieve¬ 
ment  variables  and  appeared  in  A  of  the  6  regression  equations.  Accord¬ 
ing  to  Costello  (1967)  this  scale  measures  the  disposition  or  need  of  a 
person  to  be  a  success  defined  in  terms  of  the  emulation  of  successful 
people.  In  both  the  lecture  and  independent  study  groups  this  factor 
correlated  significantly  with  16  PF  Factor  G  (Expedient  versus  Consci¬ 
entious),  16  PF  Factor  C  (Affected  by  Fellings  versus  Emotionally  Stable), 
16  PF  Anxiety,  16  PF  Factor  (Relaxed  versus  Tense),  and  MAT  Total 
Personal  Interest.  On  the  basis  of  these  correlations  one  may  be  able  to 
say  that  students  scoring  high  on  the  Costello  Scale  II  tended  to  be  more 
conscientious,  more  affected  by  feelings  or  emotionally  unstable,  more 


?  •  j  ii 


.. 


113 


tense  and  more  anxious  with  less  interest  in  the  external  world  than 
students  scoring  low  on  this  scale.  Two  of  the  above  variables  (Factor 
G  and  Factor  C)  did  not  appear  in  the  regression  equations  which  was 
probably  due  to  suppression  by  the  Costello  Scale  II. 

Two  factors  that  are  major  components  of  the  16  PF  second-order 
factor  of  Exvia  (Introversion  versus  Extraversion)  emerged  as  important 
factors  in  the  prediction  of  calculus  achievement.  These  factors  were 
Factor  F  (Sober  versus  Happy-go-lucky)  and  Factor  (Group  Dependent 
versus  Self-sufficient) .  Factor  F  was  in  the  regression  equation  for  the 
Final  and  was  negatively  correlated  with  all  the  achievement  tests. 

Factor  was  in  the  regression  equation  for  Test  1  and  the  Co-operative 
Mathematics  Test.  Students  with  low  scores  on  Factor  F  and  high  scores 
on  Factor  Q2  tended  to  achieve  higher  scores  in  calculus.  The  verbal 
description  of  these  factors  implies  that  these  students  tended  to  be 
serious,  introspective,  and  self-sufficient.  Low  scores  on  Factor  F  and 
high  scores  on  Factor  Q2  are  also  typical  for  introverts  or  low  scorers 
on  the  Exvia  factor. 

16  PF  Factor  (Conservative  versus  Experimenting)  appeared  as  an 
important  factor  being  significantly  correlated  (negatively)  with  the 
Final  and  appearing  in  the  regression  equation  for  the  CMT.  Students 
with  low  Factor  scores  (conservative)  tended  to  achieve  higher 
calculus  scores. 

It  is  notable  that  there  were  no  aptitude  variables  in  the 
regression  equations  predicting  achievement  scores  in  the  independent 
study  group.  The  absence  of  significant  positive  correlations  between 
the  aptitude  variables  and  achievement  scores  for  the  independent  study 
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group  agreed  with  the  results  of  a  preliminary  report  in  Appendix  J. 

The  importance  of  the  Costello  Scale  II  in  the  independent  study  setting 
was  also  in  agreement  with  the  preliminary  study. 

Notice  that,  apart  from  the  Costello  Scale  II  factor,  the  most 
important  predictor  variables  were  from  the  personality  domain,  namely, 
Factors  F,  Q^,  and  Q^.  The  percentage  of  variance  accounted  for  by  the 
regression  equations  ranged  from  31  per  cent  for  Test  1  to  76  per  cent 
for  Test  4. 


3.  What  are  the  characteristics  of  the  dropouts  in  the  lecture 

setting? 

In  the  lecture  setting,  there  was  a  significant  difference  in 
the  mean  DAT  Numerical  Ability  and  MAT  Integrated  Sweetheart  scores  of 
the  dropouts  and  non-dropouts.  The  dropouts  had  a  lower  mean  Numerical 
Ability  score  and  a  higher  mean  Sweetheart  score.  The  dropout  prediction 
equation  had  DAT  Numerical  Ability  and  MAT  Integrated  Mating  as  indepen¬ 
dent  variables;  however,  the  equation  accounted  for  only  15  per  cent  of 
the  variance  in  the  criterion  scores. 

It  is  tentatively  concluded  that  lower  Numerical  Ability  scores 
was  the  most  important  characteristic  of  the  lecture  dropout.  Other 
characteristics  appeared  to  be  a  lower  conscious  sex  drive  (Mating  factor) 
and  stronger  sentiments  for  romantic  love  relationships  (Sweetheart 
factor) . 

4 .  What  are  the  characteristics  of  the  dropout  in  the  independent 

study  setting? 

In  the  independent  study  setting,  there  was  a  significant 


115 


difference  in  the  mean  16  PF  Factor  M  (Practical  versus  Imaginative)  and 
MAT  Integrated  Mating  scores  of  the  dropouts  and  non-dropouts.  The  drop¬ 
outs  had  a  lower  mean  score  on  Factor  M  and  a  higher  mean  score  on  the 
Mating  factor.  The  dropout  prediction  equation  had  16  PF  Factor  M  and 
16  PF  Factor  B  (Less  Intelligent  versus  More  Intelligent)  as  independent 
variables;  however,  the  equation  accounted  for  only  17  per  cent  of  the 
variance  in  the  criterion  scores. 

It  is  concluded,  again  tentatively,  that  lower  Factor  M  scores 
was  the  most  important  characteristic  of  the  independent  study  dropouts. 
The  verbal  description  of  Factor  M  indicates  that  the  dropout  tended  to 
be  more  practical,  conventional,  and  concerned  with  his  or  her  immediate 
interests  than  the  non-dropout.  A  higher  heterosexual  drive  and  higher 
intelligence  score  appeared  to  be  other  characteristics  of  the  indepen¬ 
dent  study  dropout.  The  experience  of  the  researcher  in  teaching 
calculus  via  the  independent  study  approach  would  confirm  results  that 
the  independent  study  dropouts  tended  to  be  more  intelligent.  It  seems 
that  the  more  intelligent  student  may  be  able  to  pass  a  calculus  course 
with  less  effort  and  hard  work  by  the  lecture  approach. 

It  is  interesting  to  note  that  a  personality  factor  (M)  was 
the  most  important  factor  distinguishing  the  independent  study  dropout 
from  the  non-dropout  whereas  an  aptitude  factor  (Numerical  Ability)  was 
the  most  important  factor  distinguishing  the  lecture  dropout  from  the 
non-dropout.  This  finding  concurs  in  part  with  the  achievement  predic¬ 
tion  findings  discussed  earlier  in  this  chapter. 

In  contrasting  lecture  and  independent  study  dropout  groups, 
significant  differences  were  found  for  two  variables,  MAT  Mating  and 
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Narcism,  with  the  independent  study  group  having  higher  scores  on  both 
variables.  From  this  one  could  conclude  that  the  independent  study  drop¬ 
outs  had  a  stronger  preference  for  the  "finer  things"  in  life,  and  had  a 
stronger  drive  toward  self-indulgence  including  sex  than  did  the  lecture 
dropouts . 

5 .  Is  there  any  difference  in  the  mean  achievement  scores  of  the 

independent  study  and  lecture  groups? 

There  was  a  significant  difference  in  the  mean  scores  of  the  two 
groups  with  respect  to  Test  2  and  Test  3.  The  lecture  students  achieved 
the  higher  mean  scores.  It  must  be  acknowledged  that  the  two  groups 
wrote  different  term  tests  and  each  instructor  marked  the  test  papers 
of  his  group.  However,  the  two  groups  wrote  the  same  Co-operative  Mathe¬ 
matics  Test  and  had  a  common  final  examination,  with  the  researcher 
marking  these  tests.  There  was  no  significant  difference  in  the  mean 
scores  on  either  the  Co-operative  Mathematics  Test  or  the  Final. 

The  importance  of  formative  evaluation  and  feedback/correction 
as  stressed  by  Airasian,  Bloom,  and  Block,  was  cited  in  the  review  of 
the  literature  chapter.  If  these  two  procedures  of  mastery  learning  had 
been  more  strictly  adhered  to  in  this  study,  then  the  mean  achievement 
test  scores  for  the  independent  study  students  may  have  been  higher. 
Indeed,  on  the  basis  of  mastery  learning  studies  and  the  mean  achievement 
scores  of  the  preliminary  study  (see  Appendix  J) ,  the  researcher  is 
convinced  that  the  mean  achievement  scores  of  the  independent  study  group 
on  the  final  examination  and  the  Co-operative  Mathematics  Test  could  have 
been  significantly  higher. 
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6 •  Is  the  dropout  ratio  of  the  Independent  study  group  different 

from  the  dropout  ratio  of  the  lecture  group? 

Defining  a  dropout  as  a  student  who  did  not  take  the  final  exam, 
there  was  a  significant  difference  in  the  percentage  of  dropouts  in  the 
lecture  and  independent  study  groups.  The  independent  study  group  had  a 
dropout  ratio  of  58  per  cent  as  compared  with  37  per  cent  in  the  lecture 
group.  The  high  dropout  ratio  in  the  independent  study  setting  is  in 
accord  with  the  high  dropout  ratio  found  in  the  preliminary  study  and 
reported  in  Appendix  J. 

It  was  found  that  very  few  students  in  either  group  dropped  out 
after  Test  3.  In  the  lecture  group,  the  largest  dropout  numbers  occurred 
after  Test  1.  In  the  independent  study  group,  the  largest  dropout 
numbers  occurred  prior  to  Test  1  and  between  Test  2  and  Test  3.  The 
large  initial  drop  in  the  independent  study  setting  is  probably  due  to 
the  fact  that  the  students  had  no  previous  independent  study  experience 
and  some  of  these  students  felt  incapable  of  learning  or  were  not  pre¬ 
pared  to  attempt  learning  in  this  new  environment. 

Test  3  tested  the  objectives  of  units  7  to  11  inclusive.  These 
units  involve  applications  of  the  derivative  concept  and  cause,  in  the 
researcher's  opinion,  greater  difficulties  for  most  students  than  the 
other  units.  It  was  in  this  portion  of  the  course  that  seventeen 
independent  study  students  dropped  out.  While  studying  these  units, 
many  students  need  encouragement  and  frequent  feedback  on  their  progress 
which  some  students  claimed  was  not  readily  available  from  their  instruc¬ 
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LIMITATIONS  OF  THE  STUDY 

There  are  a  number  of  limitations  that  should  be  considered  in 
interpreting  the  results  from  this  study.  The  first  limitation  concerns 
the  size  of  the  samples.  As  a  result  of  failure  to  acquire  data  for  all 
students  and  the  large  number  of  dropouts,  the  sample  sizes  decreased  to 
the  point  where  data  for  only  36  and  27  students  in  the  two  groups  were 
available  for  the  analysis  of  the  relationships  between  student  charac¬ 
teristics  and  achievement  on  the  final  examination  and  the  Co-operative 
Mathematics  Test. 

The  second  limitation  concerns  the  interaction  effects  of  the  two 
groups,  although  the  extent  of  such  effects  is  difficult  to  ascertain. 
There  was  interaction  to  the  extent  that  it  was  possible  for  students 
from  both  groups  to  study  together  and  exchange  or  lend  study  materials. 
The  independent  study  students  could  not  attend  the  lectures  of  the 
lecture  group  but  the  lecture  students  could  obtain  independent  study 
packages  from  the  independent  study  students;  thus,  the  interaction 
effect  was  probably  most  beneficial  for  the  lecture  students.  To  reduce 
this  study  possibility  for  the  lecture  students,  it  was  not  possible  for 
them  to  obtain  copies  of  the  packages  from  the  instructors.  Only  one 
copy  of  each  package  was  handed  out  to  each  independent  study  student. 

The  feedback/correction  feature  of  the  independent  study  method 
was  not  adhered  to  during  the  course  of  instruction.  This  could  be 
considered  a  limitation  of  the  study  in  that  possibly  different  student 
characteristics  would  have  emerged  in  the  regression  equations  if  the 
f eedback/correction  procedure  had  been  used.  The  low  mean  criterion 
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test  scores  for  the  independent  study  group  can  probably  be  attributed 
to  lack  of  feedback/correction. 

A  fourth  limitation  is  related  to  the  lack  of  involvement  of  the 
instructors  in  the  preparation  and  selection  of  course  materials.  The 
selection  of  texts  and  preparation  of  objectives,  packages,  and  tests 
were  performed  by  the  researcher.  More  involvement  by  the  instructors 
appears  desirable  to  encourage  their  identification  with  and  commitment 
to  the  methods  used. 

A  fifth  limitation  of  the  study  is  in  the  area  of  generaliz— 
ability.  The  study  population  can  be  considered  representative  of 
calculus  students  at  Mount  Royal  College  over  a  time  period  of  several 
years.  Generalizations  beyond  this  population  are  dangerous.  Despite 
this,  it  is  possible  to  use  the  results  as  the  basis  of  further 
research  and  evaluation  hypotheses  in  other  settings. 

A  sixth  limitation  may  be  that  predictor  variables  other  than 
aptitude,  personality,  and  motivation  factors  of  the  present  study 
should  have  been  used.  The  aptitude  factors  used  in  the  regression 
analysis  were  restricted  to  the  DAT  Numerical  Ability  and  the  DAT 
Abstract  Reasoning.  Using  further  aptitude  factors  may  have  signifi¬ 
cantly  increased  the  percentage  of  variance  of  the  criterion  variables 
accounted  for  by  the  prediction  equations  for  the  lecture  group. 

The  method  of  linear  regression  analysis  is  a  standard  technique 
in  predictive  studies  in  education;  however,  appropriateness  of  the 
technique  is  dependent  upon  the  absence  of  a  non-linear  relationship  in 
the  regression  of  any  variable  upon  the  criterion  as  well  as  among 
variables.  Acceptance  of  this  assumption  for  the  absence  of  non-linear 
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relationships  in  this  study  may  be  questioned  in  this  investigation. 
However,  the  statistical  significance  of  the  correlation  coefficients 
indicate  that  linear  relationships  exist  among  the  variables. 


IMPLICATIONS  FOR  INSTRUCTION 


The  main  conclusion  from  this  study  was  that  there  are  student 
characteristics  related  to  achievement  in  calculus  in  the  lecture  setting 
that  are  not  so  important  in  an  independent  study  setting,  and  vice 
versa.  The  dropouts  in  each  setting  also  had  distinguishing  character¬ 
istics.  The  implications  from  these  results  relate  to  the  advising  and 
guidance  of  the  prospective  calculus  student  into  one  of  the  two  methods 
of  instruction  that  may  be  best  suited  for  him  or  her.  Although  the 
prediction  equations  need  to  be  improved  upon,  there  were  certain 
emergent  factors  from  this  study  that  one  can  look  to  with  regard  to 
helping  students  make  a  choice. 

Prior  to  the  advisement  of  students,  the  following  data-gathering 
instruments  could  be  administered: 


1.  Costello  Scales  I  and  II. 


Time:  5  to  6  minutes. 


2.  Van  Wagenen  Rate  of  Comprehension. 


Time:  4  minutes. 


3.  Cattell's  Sixteen  Personality  Factor 


Questionnaire. 


Time:  60  minutes. 


4.  Numerical  Ability,  Abstract  Reasoning 


and  Verbal  Ability  tests  of  the  Differ¬ 


ential  Aptitude  Test  battery. 


Time:  90  minutes. 


Use  of  these  testing  instruments  would  provide  student  characteristic 
scores  in  the  three  realms  of  aptitude,  personality,  and  motivation. 
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The  three  specific  aptitude  scores  from  the  DAT,  as  well  as  a  general 
aptitude  score,  which  is  the  sum  of  the  Numerical  Ability  and  Verbal 
Ability  scores,  would  be  available.  The  Van  Wagenen  Rate  of  Comprehen¬ 
sion  is  included  because  of  the  significant  correlations  with  achievement 
in  this  present  study.  Personality  factor  scores  would  be  available 
from  the  16  PF.  Motivation  scores  measuring  certain  aspects  of  "need  to 
achieve"  would  come  from  the  Costello  scales. 

Notice  that  Cattell’s  Motivation  Analysis  Test  was  omitted,  even 
though  some  MAT  Factors  were  related  to  achievement.  General  Autism  and 
Total  Personal  Interest  made  some  significant  contributions  to  the 
prediction  of  achievement  in  the  lecture  setting;  however,  these  contri¬ 
butions  seemed  contrary  to  what  one  might  expect.  The  instrument 
requires  sixty  minutes  for  administration  and  the  scoring  can  be  very 
time  consuming.  Thus,  the  researcher  recommends  further  research  with 
this  instrument  before  using  it  to  guide  students  into  either  a  lecture 
or  independent  study  setting. 

Using  the  data  from  the  recommended  measuring  instruments,  the 
advisor  may  be  able  to  assist  students  by  keeping  in  mind  the  review  of 
the  literature  results  and  the  results  of  this  study.  Some  particular 
points  to  consider  include: 

1.  Persons  with  low  16  PF  Factor  M  (Practical  versus  Imaginative) 
scores  and  high  aptitude  scores  tended  to  drop  out  in  the 
independent  study  setting. 

2.  Persons  with  lower  aptitude  scores  tended  to  drop  out  in  the 
lecture  setting. 

Persons  with  high  Costello  Scale  II  and  16  PF  Factor  Q2 


3. 
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(Group  Dependent  vs.  Self-sufficient)  scores  tended  to  achieve 
higher  Calculus  scores  in  the  independent  study  setting. 

4.  Persons  with  low  16  PF  Factor  F  (Sober  vs.  Happy-go-lucky), 

16  PF  Exvia  (Introversion  vs.  Extraversion),  and  16  PF  Factor 
C  (Affected  by  Feelings  vs.  Emotionally  Stable)  scores  tended 
to  obtain  higher  calculus  achievment  scores  in  the  independent 
study  setting. 

5.  Persons  with  low  16  PF  Factor  (Conservative  vs.  Experi¬ 
menting)  scores  tended  to  obtain  higher  calculus  scores  in 
the  independent  study  setting,  whereas  persons  with  high  16 
PF  Factor  scores  tended  to  obtain  higher  calculus  scores 
in  the  lecture  setting. 

6.  Persons  with  high  aptitude  scores,  including  high  Van  Wagenen 
scores,  tended  to  obtain  higher  calculus  scores  in  the 
lecture  setting. 

7.  Persons  with  low  16  PF  Factor  F  (Sober  vs.  Happy-go-lucky) 
and  16  PF  Factor  L  (Trusting  vs.  Suspicious)  scores  tended 
to  obtain  higher  calculus  scores  in  the  lecture  setting. 

IMPLICATIONS  FOR  FURTHER  RESEARCH 

It  is  recommended  that  research  be  continued  to  further  determine 
what  individual  differences  are  relevant  to  particular  instructional 
methods.  Studies  similar  to  the  present  one  are  needed,  but  involving 
larger  samples  and  different  post-secondary  institutions.  Such  studies 
would  possibly  justify  generalizations  to  larger  populations. 

This  study  was  concerned  with  only  two  teaching  methods  and 
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Involved  measures  of  forty-two  factors  determined  by  specific  testing 
instruments.  Other  instructional  approaches,  cognitive  and  non-cognitive 
factors,  measuring  instruments,  and  analysis  procedures  need  to  be 
included  in  future  studies  in  order  to  carry  on  the  task  of  determining 
relevant  characteristics  of  the  students  associated  with  learning  via 
different  instructional  modes. 

In  view  of  the  emergence  of  personality  variables  and  the  Costello 
Scale  II  factor  as  predictor  variables  in  the  independent  study  setting 
of  this  investigation,  further  research  involving  these  variables  is 
necessary.  For  years,  work  concentrated  on  aptitude  variables  as  the 
explanatory  variables  for  academic  achievement;  however,  personality 
variables  seem  to  play  an  important  predictive  role  as  well.  The  fact 
that  the  Costello  Scales  require  so  little  time  to  administer  makes  it 
imperative  that  these  instruments  receive  more  attention. 

A  more  important  and  detailed  problem  than  the  problem  of  this 
study  is  one  of  identifying,  for  each  student,  the  most  effective 
sequence  and  combination  of  methods  for  achievement  of  each  of  the 
specific  course  objectives.  We  need  to  think  of  instruction  in  terms  of 
the  selection  of  teaching  strategies,  chosen  to  fit  optimally  with 
specific  objectives  and  student  characteristics.  Ultimately,  we  want 
to  be  able  to  say  that  for  this  particular  student  and  this  particular 
instructor  and  this  particular  course  objective  we  have  the  best 
instructional  strategy  in  terms  of  sequencing  and  combination  of  methods. 
Although  this  may  be  an  impossible  goal,  studies  which  lead  to  decisions 
in  this  realm  should  prove  valuable  to  students  and  teachers  alike. 
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APPENDIX  A 

INTRODUCTION  TO  PURE  MATHEMATICS  201  AND  SAMPLE 
SELF-INSTRUCTIONAL  PACKAGE*  USED  BY  THE 
INDEPENDENT  STUDY  GROUP 


*The  self-instructional  package  was  prepared  by  the  author  and 
is  under  copyright  by  the  author. 
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INTRODUCTION  TO  PURE  MATHEMATICS  201 


1 .  General  Objectives 

(a)  You  will  find  the  study  of  mathematics  enjoyable  because  of  the 
success  you  will  have  in  mastering  calculus.  Failure  will  not 
occur  if  you  are  motivated  to  spend  the  necessary  time. 

(b)  You  will  become  acquainted  with  a  process  of  studying  the  proper¬ 
ties  of  functions  through  the  study  of  the  derivative  and  the 
integral. 

(c)  You  will  come  to  an  understanding  of  the  interaction  between 
calculus  and  "real  world"  problems. 

(d)  You  will  learn  that  mathematics  is  a  human  activity  and  its 
development  has  come  about  from  sensitive  human  beings. 

(e)  You  will  learn  that  mathematics  is  built  upon  intuitive  under¬ 
standings  and  agreed  conventions  that  are  not  "God-given"  or 
eternally  fixed. 

(f)  You  will  learn  that  complex  things  are  sometimes  simple  and 
simple  things  are  sometimes  complex  and  that,  in  mathematics  as 
in  other  fields,  it  pays  to  study  something  to  detailed  to  study 
and  to  study  something  which  seems  hopelessly  intricate. 

2 .  Method  of  Study 

The  calculus  course  has  been  divided  into  19  units  with  a  "package" 

prepared  for  each  unit.  A  "package"  is  a  set  of  notes  consisting 

essentially  of : 

(a)  Specific  objectives:  exactly  what  is  expected  of  you  upon 
completion  of  the  unit. 

(b)  References  to  texts,  cassette  tapes,  and  other  materials. 

(c)  Written  explanation  of  the  concepts  and  procedures  involved  in 
each  unit. 

(d)  Problems  for  you  to  do  with  the  solutions  provided. 

(e)  Post-test. 

The  package  is  designed  to  guide  your  learning. 
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The  teaching  method  is  structured  so  that  you  will  have  a  combination 
of  lectures,  self-study,  small  group  study,  and  individualized 
attention. 

There  will  be  one  lecture  per  week  to  provide  all  students  with 
general  instructions ,  explanation  of  concepts  and  an  opportunity  for 
asking  questions.  The  lecture  sessions  will  progress  at  a  pace 
whereby  the  entire  course  will  be  covered  in  one  semester. 

Now  what  do  you  do  besides  going  to  one  lecture  per  week?  Well, 
mainly  self-study  with  help  and  guidance  provided  from  your  instructor 
and  any  other  mathematics  instructor  in  the  mathematics  section  of 
the  learning  library.  The  learning  library  is  designed  so  that  you 
can  study  independently,  work  in  small  groups,  listen  to  cassette 
tapes,  use  other  audiovisual  aids,  write  tests  and  ask  for  HELP.  You 
will  be  able  to  receive  cassette  tapes,  cassette  recorders,  reference 
texts  and  other  materials  from  the  mathematics  resource  island. 

One  important  feature  of  the  method  of  instruction  is  something  called 
"feedback-correction. 11  At  the  end  of  each  package  is  a  post-test  for 
you  to  write.  Upon  completion  of  this  test,  you  will  ask  an  instruc¬ 
tor  to  mark  it  for  you.  You  will  not  receive  a  grade  for  this  test. 
You  and  the  instructor  will  mark  the  test  together.  As  it  is  marked, 
you  will  discuss  the  answers  and  the  unit  objectives  that  you  have 
mastered.  For  the  unmastered  objectives,  the  instructor  may  use 
several  procedures  that  will  enable  you  to  master  them.  This  feature 
is  called  feedback-correction  because  you  are  given  immediate  feed¬ 
back  on  those  objectives  you  have  mastered  and  at  the  same  time  you 
are  given  a  corrective  procedure  to  master  those  objectives  you  missed. 
Even  though  no  grade  is  given  on  the  post-test,  you  must  obtain 
approximately  80%  or  better  mastery  before  proceeding  to  the  next 
unit.  If  you  do  not  achieve  this  level  of  mastery,  then  you  will 
write  another  test  (answering  those  questions  corresponding  to  the 
unmastered  objectives)  after  the  correction  procedures  are  complete. 

One  important  aspect  of  feedback-correction  is  the  personal  contact 
between  the  student  and  instructor.  It  is  important  that  the  instruc¬ 
tor  know  you  as  a  person  and  you  know  him  as  a  person  if  learning  is 
to  take  place. 

In  essence,  the  method  of  instruction  enables  you  to  progress  through 
the  course  at  a  rate  suited  to  your  mathematical  background,  your 
abilities,  and  your  personality.  We  realize  that  each  one  of  you  is  a 
unique,  different  human  being  with  different  backgrounds,  different 
abilities,  different  personalities,  different  motivations,  and  differ¬ 
ent  personal  problems.  It  is  our  aim  to  provide  you  with  the 
opportunity  to  achieve  a  mastery  of  calculus  at  a  rate  best  suited 
to  you. 

3.  Grading  Procedure 

One  of  six  grades  will  be  awarded  at  the  end  of  the  semester,  based 
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upon : 

(a)  four  term  tests ,  and 

(b)  a  final  examination. 


The  grades  are :  A 

B 

C 

D 

I 

W 


for  superior 
for  excellent 
for  average 
for  low  pass 
for  incomplete 
for  withdrawal. 


Your  achievement  on  the  term  tests  and  final  exam  will  determine  your 
final  grade.  The  term  tests  and  final  exam  will  count  approximately 
50/o  each  toward  your  final  grade,  with  exceptions  made  depending  upon 
your  specific  situation.  You  may  challenge  the  term  tests  and  final 
exam  at  almost  any  time. 

On  the  term  tests  and  the  final  exam,  you  will  score  above  80%  for  an 
A,  between  65%  and  80%  for  a  B,  between  50%  and  65%  for  a  C,  between 
40%  and  49%  for  a  D,  and  below  40%  for  an  I. 


An  I  grade  may  be  awarded  to  you  if  you  do  not  complete  the  course  by 
the  end  of  the  semester.  You  may  have  the  I  removed  by  completing 
the  course  within  a  specified  period  at  the  end  of  the  semester  or  by 
passing  the  final  exam.  If  you  received  an  I  and  did  not  pass  the 
final,  then  you  will  have  an  opportunity  to  write  another  final  exam 
on  a  date  within  the  specified  period.  IT  IS  IMPORTANT  TO  NOTE  THAT 
NO  STUDENT  WILL  BE  ALLOWED  TO  REMOVE  HIS/HER  I  AFTER  THE  FINAL  UNLESS 
HE/SHE  HAS  COMPLETED  AT  LEAST  TEN  UNITS  AND  TWO  TERM  TESTS.  Any 
student  not  removing  an  I  may  register  for  the  course  again  the  follow¬ 
ing  semester  and  proceed  from  where  he  left  off  in  the  preceding 
semester. 


Term 

Test 

#1 

will  cover 
at  the  end 

Term 

Test 

#2 

will  cover 
at  the  end 

Term 

Test 

#3 

will  cover 
at  the  end 

Term 

Test 

#4 

will  cover 
at  the  end 

units  1  to  2  inclusive  and  will  take  place 
of  the  second  week. 

units  1  to  7  inclusive  and  will  take  place 
of  the  fifth  week. 

units  1  to  11  inclusive  and  will  take  place 
of  the  eighth  week. 

units  1  to  16  inclusive  and  will  take  place 
of  the  eleventh  week. 


If  you  are  unable  to  write  a  Term  Test,  then  it  is  your  responsibility 
to  contact  your  instructor. 
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Please  note  that  you  can  take  the  term  tests  and  final  exam  earlier 
than  the  specified  times  if  you  progress  at  a  faster  rate.  In  fact, 
if  you  have  the  motivation  to  complete  the  course  in  half  the 
semester,  then  you  can  take  the  rest  of  the  semester  off  as  far 
as  mathematics  is  concerned. 

4.  General  Comments 


(a)  You  will  be  given  a  complete  set  of  packages.  Thus,  a  large 
three— ring  binder  should  be  purchased  to  contain  the  packages. 

(b)  Cassette  tapes  and  recorders  must  not  be  removed  from  the 
learning  library;  however,  you  may  exchange  a  blank  C-60 
cassette  tape  for  one  "full"  cassette  tape  for  your  own  use. 

(c)  You  may  purchase  any  of  the  following  texts  from  the  bookstore: 

(i)  R.  Johnson  and  F.  Kiokemeister ,  Calculus  and  Analytic 
Geometry ,  4th  ed.  Boston:  Allyn  and  Bacon. 

(ii)  Protter  and  Morrey,  Calculus  with  Analytic  Geometry:  A 
First  Course,  2nd  ed.  Addison  Wesley. 

(iii)  Serge  Lang,  A  First  Course  in  Calculus.  2nd  ed. 

Addison  Wesley. 

(iv)  Fisher  and  Ziebur,  Calculus  and  Analytic  Geometry,  2nd 
ed.  Prentice  Hall. 

(v)  Lowengrub  and  Stampfli,  Topics  in  Calculus.  Ginn- 
Blaisdell. 

(vi)  Louis  Leithold,  The  Calculus  Book:  A  First  Course  with 
Applications  and  Theory.  Harper  and  Row. 

There  are  copies  of  each  of  the  above  texts  for  your  use  at  the 
mathematics  resource  island. 

(d)  If  you  are  having  problems,  ask  for  help  as  soon  as  possible. 
Remember,  you  have  paid  your  fees  and  thus  have  a  right  to 
expect  help.  Don’t  think  of  your  questions  as  stupid  questions. 

(e)  Discuss  your  work  with  your  classmates  and/or  friends.  Two 
heads  are  often  better  than  one  and  trying  to  expalin  a  concept 
to  someone  helps  to  clarify  it  in  your  mind. 

(f)  Use  a  pencil  and  paper  when  studying  mathematics.  You  will  be 
amazed  (sometimes)  at  what  you  can  do  if  you  would  but  write 
down  what  is  given  and  any  ideas  you  have  pertaining  to  the 
question. 

(g)  Work  like  hell  and  you'll  enjoy  the  course  more. 
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MAXIMA  AND  MINIMA 

A  major  problem  of  a  manufacturer  is  how  to  minimize  the  cost  of  produc¬ 
tion  and  how  to  maximize  profits.  An  engineer  wants  to  maximize  the 
strength  of  structures.  A  landlord  wants  to  know  what  rent  to  charge  in 
order  to  maximize  profits.  These  are  examples  of  many  practical  maxima 
and  minima  problems  that  arise  in  our  lives.  The  derivative  is  a  power¬ 
ful  tool  used  to  help  us  solve  these  problems. 

Cost,  profit,  strength,  etc.  are  variables,  and  variables  may  be  related 
by  means  of  functions .  The  study  of  maxima  and  minima  problems  thus 
entails  the  study  of  functions  and  in  particular  the  study  of  the 
derivative  of  functions.  In  this  package,  you  will  study  a  number  of 
concepts  so  that  you  will  be  able  to  attack  applications  of  maxima  and 
minima  in  the  next  package . 
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Obj  ectives 

1.  You  will  be  able  to  define: 


(a) 

increasing  function. 

(b) 

decreasing  function. 

(c) 

relative 

maximum , 

(d) 

relative 

minimum, 

(e) 

maximum , 

(f) 

minimum , 

(g) 

critical 

point . 

2.  You  will  be  able  to  find  the  intervals  on  which  given  functions  are 
increasing  and  decreasing. 

3.  You  will  be  able  to  determine  the  critical  points  of  given  functions. 

4.  You  will  be  able  to  determine  the  points  t>f  relative  minimum  and 
relative  maximum  of  given  functions. 

You  will  be  able  to  determine  the  points  of  minimum  and  maximum  of 
given  functions. 


5. 


139 


MAXIMA  AND  MINIMA 


Increasing  and  Decreasing  Functions 


Definition  1 

A  function  f  is  said  to  be  increasing  on  an  interval  I 
if  X2  >  X1  imPlies  f(x2>  >  where  x  ,  x  e  I 


(see  objective  la) 


Ex.  1 


f (x)  =  x  is  increas¬ 
ing  on  [0,  °°)  since 
for  x1#  x2  e  [0,  °°) 
x2  >  x1=^f(x2)  >  fCxp 


Note:  x^  and  x2  are  simply  values  of  x  along  the  x-axis.  Subscripts  are 
used  to  distinguish  one  value  of  x  from  another  value  of  x.  x^ 
reads  "x  sub  one"  and  is  not  x  =  1. 


Definition  2 

A  function  f  is  said  to  be  decreasing  on  an  interval  I 
if  for  x^,  x2  e  I. 

x2  >  x^  implies  f(xp  <  f(x^) 


(see  objective  lb) 
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Ex.  2 


f(x)  =  x  is  decreasing  on 
the  interval  (-  0] 

since  for  x^,  x^  e  (-  00 ,  0] 
x2  >  x1r=^f(x2)  <  f(x1). 


If  a  function  is  neither  increasing  nor  decreasing  on  an  interval,  it  is 
said  to  be 


rurerjsuoo 
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Find  the  intervals  on  which  f  is  increasing  and  those  on  which  it  is 
decreasing  for  each  of  the  following: 

(a)  f(x)  =  x2  -  3x  -  4 

(b)  f(x)  =  (x  -  l)2  (x  +  2) 


(see  objective  2) 


' 
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ANSWERS 

2 

(a)  f(x)  =  x  -  3x  -  4  The  graph  of  the  given  quadratic  function 

=  (x  -  4)  (x  +  1)  is  a  parabola  crossing  the  x-axis  at  x  =  4 


From  the  graph,  we  see  that 

f(x)  is  increasing  on  [3/2,  °°) 
and  f (x)  is  decreasing  on  (-00,  3/2] 


(b)  f (x)  =  (x  -  l)2  (x  +  2) 


f(x)  is  increasing  on  -1]  and  [1,  °°) 

f (x)  is  decreasing  on  [-1,  1] 


•  1 
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Is  there  an  easier  way  to  determine  where  a  function  is  increasing  or 
decreasing?  Let's  see. 

2 

Refer  to  the  graph  of  y  =  x  in  example  1.  You  can  observe  that  when 
the  slope  of  the  tangent  line  is  positive,  the  function  is  increasing 
and  when  the  slope  of  the  tangent  line  is  negative,  the  function  is 
decreasing.  Since  f'(x)  is  the  slope  of  the  tangent  line,  you  have: 


f  is  increasing  on 

[a,  b] 

if  f  * (x)  >  0  for  all 

x  e  (a,  b) 

f  is  decreasing  on 

[a,  b] 

if  f'(x)  <  0  for  all 

x  e  (a,  b) 

Ex.  3 


Ex.  4 


(slopes  are  positive) 


(slopes  are  negative) 
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f(x)  =  1_  0  <  x  >  b 

i  x 

Here  f  is  decreasing  on  (0,  b] 
and  f'(x)  <  0  for  all  x  e  (0,  b) . 


Let's  solve  the  problems  on  page  140  now  by  considering  the  sign  of 
f’Cx). 


(a)  f(x)  =  x2  -  3x  -  4 
f '  (x)  -  2x  -  3 
f '  (x)  <0  2x  -  3  <  0 
or  2x  <  3 
or  x  <  3/2 

Therefore,  f  is  decreasing  on  ,  3/2] 

Also,  f '  (x)  >  0  for  x  >  3/2  f  is  increasing  on  [3/2,  °°) 
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(b)  f(x)  -  (x  -  l)2  (x  +  2) 

f'(x)  =  (x  -  l)2  •  1  +  (x  +  2)  •  2(x  -  1) 

=  3(x  -  1)  (x  +  1) 

f f (x)  <  0  ^ (x  -  1)  (x  +  1)  <  0  (You  remember,  of  course,  how  to 

solve  Inequalities.) 

One  factor  is  positive  and  the  other  negative 
S  =  x  -  1,  and  L  =  x  +  1 
S  <  0  and  L  >  0 
x  -  1  <  0  and  x  +  1  >  0 
=^>  x  <  1  and  x  >  -1 
Therefore,  f  is  decreasing  on  [-1,  1] 

Also,  f  ’  (x)  >  0  x  <  -1  or  x  >  1 
Therefore,  f  is  increasing  on  (-»,  -1]L/[1,  00 ) 


(see  objective  2) 
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Maximum,  Minimum,  Relative  Maximum,  Relative  Minimum 

2 

In  the  case  of  f(x)  =  x  -  3x  -  4 ,  where  is  f'(x)  =  0? 
f'(x)  =  2x  -  3,  and  so  f'(x)  =  0  at  x  =  3/2. 


Is  there  a  minimum  or  maximum  value  of  f  at  x  =  3/2? 

Minimum  is  correct! 

Where  do  you  think  f'(x)  =  0  for  the  function  f(x)  =  (x  -  l)2  (x  +  2)? 
See  graph  on  page  141. 

_ _ .  Answer:  x  =  -1,  1 

Is  there  a  minimum  or  maximum  value  of  the  function  at  x  =  1 ,  -1?  The 
function  has  neither  a  minimum  nor  maximum,  but  it  is  said  to  have  a 
local  or  relative  maximum  at  x  =  —1  and  a  local  or  relative  minimum  at 
x  =  1.  You  will  see  the  definitions  of  relative  minimum  and  relative 
maximum  shortly,  but  first  the  definitions  of  maximum  and  minimum  (some¬ 
times  referred  to  as  absolute  maximum  and  absolute  minimum)  will  be 
given. 


146 


Definition  3 

A  function  f  is  said  to  have  a  maximum  on  an  interval  I 

if  there  exists  x  e  I  such  that  f(x  )  >  f(x)  for  all  x  e  I. 

o  o 


(see  objective  lc) 


Ex.  6  Ex.  7 


f  has  a  maximum  of  [a,  b]  at  Xq.  f  has  a  maximum  on  [a,  b]  at  b. 

f  has  no  maximum  on  [a,  b) . 


Ex.  8 


Ex.  9 


I 
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As  seen  in  the  examples,  f  may  or  may  not  have  a  maximum  on  a  given 
Interval . 

A  definition  for  minimum  is: 


Definition  4 

A  function 

f  is  said  to  have 

a  minimum  on 

an  interval  I 

if  there  exists 

Xq  £  I  such  that 

f(xQ)  <  f (x) 

for  all  x  e  I. 

(see  objective  If) 


Question 

2 

1.  If  f(x)  =  x  ,  find  the  maximum  and  minimum  of  f  on  (-3,  2]  if 


there  are  any. 


- 
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Answer 

2 

By  examining  the  graph  of  f(x)  =  x 
on  (-3,  2],  you  see  that: 

(i)  f  has  no  maximum 

(ii)  f  has  a  minimum  value 
at  x  =  0,  f(0)  =  0. 


Now  for  relative  maxima  and  relative 


Definition  5 

A  function  f  is  said  to  have  a  relative  or  local  maximum 
at  a  point  x^  if  there  exists  an  open  interval  (a,  b)  contain¬ 
ing  xQ  such  that  f(xQ)  >  f(x)  for  all  x  in  (a,  b) . 

Note:  Xq  reads  "x  sub  zero"  and  is  not  x  =  0. 

(see  objective  lc) 


Ex.  10 


Ex.  11 


f (Xq)  > f (x)  for  all  x  e  (a,  b) . 


f  has  a  relative  maximum  at  x^. 
The  relative  maximum  is  also  a 
maximum  for  f. 


. 
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Definition  6 

A  function  f  is  said  to  have  a  relative  or  local  minimum 
at  a  point  xQ  if  there  exists  an  open  interval  (a,  b)  containing 
xq  such  that  f(xQ)  <_  f(x)  for  all  x  in  (a,b) 

(see  objective  Id) 


The  following  graphs  have  relative  minimums  at 


Ex.  12 


Ex.  13 


If  x  e  (a,  b),  then  f  (xQ)  <  f(x). 


Note : 
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Consider  the  following  graph. 


I 

Ex.  14 


There  are  relative  minimums  at 
There  are  relative  maximums  at 


umurcxera  OATneqaa  o  *q 
mnuixurra  aAraepna  o  ‘e 

SH3WSNV 

Perhaps  you  have  noticed  that,  at  a  point  of  relative  maximum  or  minimum, 
the  derivative  is  either  zero  or  does  not  exist.  Thus,  if  you  are  to 
find  where  relative  minimum  and  maximum  values  of  a  given  function  f 
occur,  you  would  find  where  f'(x)  =  0  and  where  f'(x)  does  not  exist. 
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Definition  7 

If  xQ  is  a  number  in  the  domain  of  f  and  if  either 
f ' (xQ)  =  0  or  f’Cx^)  does  not  exist,  then  Xq  is  called  a 
critical  point  of  f . 

(See  objective  lg) 

Ex.  15  Ex.  16 


r  and  x  are  critical  points  xQ  is  a  critical  point 

f’(r)  =  0,  f ' (x)  =  0  f * (Xq)  does  not  exist. 


Ex.  17 


Ex.  18 


Xq  is  a  critical  point. 
fCx^)  does  not  exist. 


Xq  is  a  critical  point. 

f ’ (Xq)  =  0. 
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The  last  two  examples  illustrate  that,  at  a  critical  point,  there  need 
not  be  a  relative  minimum  or  relative  maximum. 

Consider  the  following  examples  of  how  to  find  critical  points. 

Ex.  19 

3  2 

Find  the  critical  points  of  f (x)  =  x  +  7x  . 

Solution :  We  want  to  find  where  f'(x)  =  0,  or  f'(x)  is  undefined 
f ' (x)  =  3x* 2  +  14x 

f'(x)  exists  for  all  values  of  x  and  thus  is  not  undefined 

f ' (x)  =0  3x2  +  14x  =  0 

or  x(3x  +  14)  =  0 

or  x  =  0,  x  =  -14 

3 

Thus  the  critical  points  are  0  and  -14 . 

~ 3 


Ex.  20 

Find  the  critical  points  of  f (x)  =  x3/3  +  5xl/3. 

Solution : 

f'(x)  =  5x2/3  +  5x_2//3  (factor  out 
3  3 

“*2/3  A  /  3 

=  5x  (x  +  1)  (remember  when  multiplying  powers  with  like 

3  bases,  you  add  the  exponents.) 


f'(x) 

f'(x) 


=  5(x4/3  +  1) 


3x 


2/3 


is  undefined  at  x  =  0, 
=  0  x4/3  +  1  =  0, 


and  so  x  =  0  is  a  critical  point, 
but  this  is  never  zero  since  x4^3  =  (x^3)4 
is  always  >  0,  and  so  there  are  no  critical 
points  where  f’(x)  =  0. 


Thus,  the  only  critical  point  is  0. 


* 


. 
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Problems 

Find  the  critical  points  of  each  of  the  following: 

1.  f(x)  =  lx3  -  x  2.  f (x)  =  1 

3  x  +  1 

3.  f (x)  =  2x7/6  -  14x1/6 


Solutions 

1.  f(x)  =  lx3  -  x 

3 

f ' (x)  =  x2  -  1 
f '  (x)  =  0  =^>  X2  -  1  =  0 
=$>  x  =  1,  -1 
f ' (x)  exists  everywhere. 
Thus,  critical  points  are 
1  and  -1. 


f(x) 

=  2x7/6  - 

ita1/6 

f’(x) 

=  14x1/6 

-  14x-5/6 

6 

6 

, ,  -5/6 
=  14x 

(x  -  1) 

6 

=  7 (x  -  1) 


3x5/6 

f ’  (x)  =  0  when  x  =  1 
f’(x)  is  undefined  at  x  =  0. 

Thus,  the  critical  points  are  0,  1. 


2.  f(x)  =  1  =  (x  +  1)  x 

x  +  1 

f'(x)  =  -(x  +  l)"2 

f'(x)  =  "I 

(x  +  l)^ 

f'(x)  is  never  zero  and  f'(x) 
is  defined  for  all  values  of 
x  in  the  domain  of  f .  Thus 
there  are  no  critical  points. 


(see  objective  3) 


■ 
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The  technique  for  finding  points  (x,  f(x))  of  relative  maximum 
and  relative  minimum  of  a  function  f  is: 

(1)  Find  the  critical  points. 

(2)  Check  the  sign  of  the  derivative  on  either  side  of  each 
critical  point. 

(3)  Find  the  values  of  f  at  the  critical  points. 

Ex.  21 

Find  the  points  of  relative  maximum  and  relative  minimum  of 
f(x)  =  -2x1 2 3  +  5x  +  6. 

Solution : 

(1)  Critical  points 
f ' (x)  =  -4x  +  5 

Now  f '  (x)  =  0  x  =  5/4 

and  f ' (x)  is  defined  everywhere. 

Thus  the  only  critical  point  is  5/4. 

(2)  Sign  of  derivative 

Let  us  check  the  sign  of  the  derivative  on  either  side  of  the 
critical  point. 

If  x  >  5/4,  then  f'(x)  <  0. 

If  x  <  5/4,  then  f'(x)  >  0. 

Recall  f'(x)  <  0  implies  f  is  decreasing,  and  f’(x)  >  0  implies  f 
is  increasing. 

With  f  decreasing  for  x  >  5/4,  and  f  increasing  for  x  <  5/4,  there 
is  a  relative  maximum  at  x  =  5/4. 

(3)  The  relative  maximum  is  f (5/4)  =  -2(5/4)2  +  5  .  5/4  +  6  =  73/8. 

f '  =  0 

f  >  £'  <  0 

— - i _ _ 

5/4 

Thus,  C5,  73)  is  a  point  of  relative  maximum. 

4  8 


. 
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The  technique  for  finding  points  of  relative  maximum  and  relative 
minimum  invoved  three  steps. 

First,  the  critical  points  (or  values  of  x  where  f'(x)  =  0  or  f’(x)  is 

undefined)  were  found.  In  Ex.  21,  the  critical  point  is  x  =  7,  which 

4 

is  the  x— coordinate  of  the  point  (x,  f(x))  of  relative  maximum  or 
relative  minimum. 

Second,  by  checking  the  sign  of  f’  on  either  side  of  the  critical  point, 

you  are  able  to  determine  whether  there  is  a  relative  maximum  or 

relative  minimum.  In  Ex.  21,  there  is  a  relative  maximum  at  x  =  7. 

4 

Third,  find  the  values  of  f  at  the  critical  points  and  the  resulting 
values  are  the  y-coordinates  of  the  points  (x,  f(x))  of  relative  maximum 
or  relative  minimum. 

Let's  look  at  another  example. 

Ex.  22 

Find  the  points  of  relative  minimum  and  relative  maximum  of 
f(x)  =  (x  -  2)  (x  -  l)3 

Solution: 

(1)  Critical  points 

f'(x)  =  (x  -  2)  •  3 (x  -  l)2  +  (x  -  l)3  •  1 

=  (x  -  l)2  [3(x  -  2)  +  x  -  1] 

Therefore,  f ' (x)  =  (x  -  l)2  •  (4x  -  7)  =  (x  -  l)2  *  4(x  -  7/4) 

Now  f ' (x)  =  0  ==>  x  =  1,  7/4 
And  f'(x)  is  defined  everywhere. 

Thus,  the  critical  points  are  1  and  7/4 

(2)  Sign  of  derivative 

Let  us  check  the  sign  of  the  derivative  on  either  side  of  each  of 
the  critical  points. 
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x  >  1_  ZZ>  f '  (x)  >  0 
4 

1<  x  <  7_^>f '  (x)  <  0 
4 

x  <  1  ZZ>f'(x)  <  0 


relative  minimum  at  _7  as  the  graph 

4 

is  increasing  on  the  right  of  7 

4 

and  decreasing  on  the  left  of  7. 

4 

neither  relative  minimum  nor 
relative  maximum  at  1.  Since  the 
sign  of  the  derivation  on  either 
side  of  x  =  1  is  the  same. 


There  is  a  point  of  relative  minimum  at  x  =  7. 

4 


(3)  The  relative  minimum  is  f (7 / 4)  =  (7/4  -  2)  (7/4  -  1) 

=  -1  .  (3) 3 

4  4 


=  -27 
256 

Thus,  (7_,  -  27)  is  a  point  of  relative  minimum. 
4  256 


Problems 

Find  the  points  of  relative  maximum  and  relative  minimum,  if  they  exist. 


for 

each 

of  the 

following 

1. 

f(x) 

2 

=  X 

2x  -  3 

2. 

f(x) 

3 

=  x  - 

6x^  +  9x 

3. 

f(x) 

=  (2  - 

x) 

4. 

f(x) 

-  x3  + 

48 

X 
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Solutions : 

1.  f  (x)  =  x2  -  2x  -  3 

(1)  Critical  points 
f'(x)  =  2x  -  2 
Now  f'(x)  =  0  implies  x  =  1 
And  f'(x)  is  defined  for  all  real  numbers. 
Thus  the  only  critical  point  is  x  =  1. 


(2) 


Sig 

x  > 
x  < 


n  of  derivative 
1  =$  f '  (x)  >  0 
1  f '  (x)  <  0 


relative  minimum  at  x  =  1 


(3)  The  relative  minimum  is  f(l)  =  -4,  and  thus  (1,  -4)  is  a  point 
of  relative  minimum. 


2. 


f(x)  =  x3  -  6x2  +  9x  -  8 

(1)  Critical  points 

f ' (x)  =  3x2  -  12x  +  9 
=  3(x2  -  4x  +  3) 

=  3(x  -  3)  (x  -  1) 

Now  f ’ (x)  =  0  — ^  x  =  3,  1 

and  f ' (x)  is  defined  everywhere  (for  all  reals). 
Thus,  the  critical  points  are  1  and  3. 


(2)  Sign  of  derivative 

x  >  3  f '  (x)  >  0 
1  <  x  <  3  f '  (x)  < 
x  <  1  f '  (x)  >  0 

(3)  f (3)  =  33  -  6(3) 2  +  9.3  -  8  =  -8 
f(l)  =  l3  -  6(1) 2  +  9.1  -  8  =  -4 


relative  minimum  at  x  =  3 
relative  maximum  at  x  =  1 


Thus,  (3,  -8)  is  a  point  of  relative  minimum. 
And  (1,  -4)  is  a  point  of  relative  maximum. 


. 
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3.  f (x)  =  (2  -  x)3 


(1)  Critical  points 

f'(x)  =  -3(2  -  x)2 

Now  f'(x)  =  0  — ^  x  =  2 

And  f'(x)  is  defined  everywhere. 

Thus,  the  only  critical  point  is  x  =  2. 


(2)  Sign  of  derivative 
x  >  2  — ^  f '  (x)  <  0 

x  >  2  f f  (x)  <  0 

4.  f(x)  =  x3  +  48 

x 


no  relative  maximum  or  relative  minimum 


(1)  Critical  points 

f ' (x)  =  3x2  -  48 

2 

x 

=  3x4  -  48 


x 


=  3(x  -  16) 


x 


=  3(x  +4)  (x  -  2)  (x  +  2) 

2 


x 


Now  f 1  (x)  =  0  x  =  2,  -2 

f ' (x)  is  undefined  at  x  =  0,  but  f  is  undefined  at  x  =  0 
as  well. 

Thus,  the  critical  points  are  2  and  -2. 


(2)  Sign  of  derivative 


x 

0  <  x 
-2  <  x 
x 


>  2  f '  (x)  >  0 

<2  f '  (x)  <  0 

<  0  =$  f '  (x)  <  0 

<-2  f '  (x)  >  o 


} 


relative  minimum  at  x  =  2 


relative  maximum  at  x  =  -2 


' 
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(3)  f  (2)  =  23  +  48  =  8  +  24  =  32 

2 

f (-2)  =  (-2) 3  +  48  =  -8  -  24  =  -32 

-2 

Thus,  (2,  32)  is  a  point  of  relative  minimum, 
and  (-2,  -32)  is  a  point  of  relative  maximum. 

(see  objective  4) 

In  the  examples  and  problems  following  Definitions  3  and  4,  you  observed 
that  a  function  may  or  may  not  have  a  maximum  and  minimum  on  an  interval. 
However ,  there  is  a  theorem  (it  will  not  be  proven  here)  commonly  referred 
to  as  the  Extreme-value  Theorem  which  states: 


If  a  function  f  is  continuous  on  the  closed  interval  [a,  b]  , 
then  f  has  both  a  maximum  and  a  minimum  of  [a,  b]. 


You  have  probably  observed  that  a  maximum  or  minimum  value  may  occur  at 
a  critical  point.  See  Ex.  6  and  Ex.  16. 

Also,  a  maximum  or  minimum  may  occur  at  an  endpoint  of  the  closed  interval 
[a,  b].  See  Ex.  7  and  Ex.  9. 

As  a  result  of  these  observations,  the  following  technique  is  outlined: 


The  technique  for  finding  maximum  and  minimum  values  on  a  closed 
interval  [a,  b]  is: 

(1)  Find  the  critical  points  of  f  on  [a,  b], 

(2)  Calculate  the  value  of  the  function  at  each  critical  point. 

(3)  Calculate  the  values  of  f(a)  and  f(b). 

(4)  The  largest  of  the  values  from  steps  (2)  and  (3)  is  the 
maximum  and  the  smallest  of  the  values  if  the  minimum. 


■  . 
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Ex.  23 

4  2 

Find  the  maximum  and  minimum  values  of  f(x)  =  x  -  8x  on  the  interval 

[-1,  3]. 

Solution : 

(1)  Critical  points 

f ' (x)  =  4x^  -  16x 
=  4x(x^  -  4) 

=  4x(x  -2)  (x  +  2) 

f'(x)  =  0  when  x  =  0,  2,  -2,  but  -2  4  [-1,  3] 
f'(x)  is  defined  everywhere. 

Critical  points  of  f  on  [-1,  3]  are  0,  2. 

(2)  f(0)  =  0 

f (2)  =  -16 

(3)  f (a)  =  f(-l)  =  -7 
f(b)  =  f  (3)  =  9 

(4)  The  maximum  value  on  [-1,  3]  is  9  at  x  =  3. 

The  minimum  value  on  [-1,  3]  is  -16  at  x  =  2. 


Note : 

The  problem  of  finding  a  maximum  or  minimum  (if  any  exist)  on  any  interval 
I  is  similar  to  the  preceding  example,  except  that  one  may  not  have  to 
worry  about  endpoints.  That  is,  if  I  =  (a,  b) ,  for  example,  there  are  no 
endpoints  to  worry  about,  so  you  just  have  to  find  the  critical  points 
and  check  them  out  for  maximum  and  minimum  values. 

Problems 

Find  the  maximum  and  minimum  of  each  of  the  following  functions  in  the 
intervals  indicated. 

1.  f(x)  =  x^  -  2x  +  5,  I  =  [-3,  4] 

2.  f(x)  =  x^  +  2x  -  4,  I  =  [-1,  2] 


" 
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3.  f(x)  =  x3  -  2x2  +  x  -  1,  I  =  (-3,  3) 

4.  f(x)  =  x2  »  I  =  [2,  3] 

x  -  3 

Solutions 

1.  f(x)  =  x2  -  2x  +  5,  I  =  [-3,  4] 


Critical  Points 
f ' (x)  =  2x  -  2 

f ' (x)  =  0  x  =  1,  which  is  a  member  of  I 
f 1 (x)  is  defined  everywhere. 

Thus  the  only  critical  point  is  x  =  1. 
f(l)  =  4. 


Endpoints 
f (-3)  =  20 
f (4)  =  13 

The  maximum  value  on  [-3,  4]  is  20  at  x  =  -3. 

The  minimum  value  on  [-3,  4]  is  4  at  x  =  1. 

2.  f(x)  =  x3  +  2x  -  4,  I  =  [-1,  2] 

Critical  Points 
f ' (x)  =  3x2  +  2 

2 

f'(x)  =  0  3x  +2=0,  which  is  impossible  since  2  is  added  to 

2 

the  positive  number  3x  . 
f’(x)  is  defined  everywhere. 

Thus  there  are  no  critical  points. 

Endpoints 
f  (-D  =  -7 
f (2)  =  8 

The  maximum  value  on  [-1,  2]  is  8  at  x  =  2. 

The  minimum  value  on  [-1,  2]  is  -7  at  x  =  -1. 
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3.  f(x)  =  x3  -  2x2  +  x  -  1,  I  =  (-3,  3) 

Critical  Points 
f ' (x)  =  3x2  -  4x  +  1 

=  (3x  -  1)  (x  -  1) 

f'(x)  =  0  x  =  ^L,  1,  which  are  in  I. 

3 

f'(x)  is  defined  everywhere. 

Thus,  the  critical  points  are  x  =  1,  1,  which  are  in  (-3,  3) 

3 

f  (1)  =  2_3 
3  -27 

f(l)  =  -1 

There  are  no  endpoints. 

Therefore,  we  can  only  conclude  that  x  =  1,  1,  are  possible  points 

3 

of  maximum  and  minimum. 

To  check  that  there  are  no  maximum  and  minimum  values  on  (-3,  3),  look 
at  the  function  as  x  approaches  3  and  -3. 

As  x  -*  3 ,  f  (x)  -*  11 
As  x  -*  -3,  f  (x)  ->  -49 

4.  f(x>  =  x2  ,  I  =  [2,  3] 

x  -  3 

f'(x)  =  (x  -  3)  2x  -  x2 
(x  -  3) 2 
=  2x2  -  6x  -  x2 
(x  -  3) 2 
=  x2  -  6x 
(x  -  3) 2 
=  x(x  -  6) 

(x  -  3) 2 

f ' (x)  =  0  x  =  0,  6,  neither  of  which  are  in  [2,  3] 

f'(x)  is  defined  for  all  x  in  [2,  3], 

thus  there  are  no  critical  points  in  [2,  3] 

The  only  endpoint  is  2  and  f ( 2 )  =  -4. 

Also,  f’(x)  <  0  for  xe  [2,  3]  and  thus  the  graph  is  decreasing. 


. 


* 
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As  x  3 ,  f  (x)  -►  -00 

There  is  a  maximum  value  of  -4  at  x  =  2,  and  there  is  no  minimum. 

(see  objective  5) 

New  Vocabulary 

1.  increasing  function 

2.  decreasing  function 

3 .  relative  maximum 

4.  relative  minimum 

5 .  maximum 

6 .  minimum 

7.  critical  point 
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POST-TEST  ON  MAXIMA  AND  MINIMA 


1.  Define:  (a)  critical  point 

(b)  relative  minimum 

2.  Find  the  critical  points  of  the  function  f(x)  =  x3  -  3x. 

3.  Find  the  minimum  and  maximum  values  of  the  function  f(x)  =  x^  -  3x 
on  the  interval  [-3,  3] . 

4.  Find  the  points  of  relative  maximum  and  relative  minimum  for  the 
function  in  question  3. 

O 

5.  Find  the  intervals  on  which  f (x)  =  x  -  3x  is  increasing,  and  the 
intervals  on  which  f(x)  is  decreasing. 


APPENDIX  B 

TOPICAL  OUTLINE  OF  PMAT  201 


165 


166 


1. 


2. 


3. 


4. 

5. 

6 . 

7. 

8. 
9. 


10. 


11. 


12. 


13. 


14. 


15. 

16. 

17. 

18. 


19. 


TOPICAL  OUTLINE  OF  PMAT  201 

Number  systems,  sets,  and  functions. 

Inequalities . 

Limits . 

Infinite  limits. 

Continuous  functions. 

The  derivative. 

Differentiation  of  algebraic  functions. 

Maxima  and  minima. 

Applications  of  maxima  and  minima. 

Rates  of  change  and  implicit  differentiation. 

Curve  sketching. 

Areas . 

The  definite  integral. 

The  fundamental  theorem  of  calculus. 

Methods  of  integration. 

Applications  of  integration. 

Differentiation  and  integration  of  trigonometric  functions. 
Logarithmic  and  exponential  functions. 

Integration  by  parts  and  partial  fractions. 


t 


APPENDIX  C 

i 

COSTELLO'S  ACHIEVEMENT  MOTIVATION  SCALES  I  AND  II 
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QUESTIONNAIRE 


DIRECTIONS:  The  little  questionnaire  you  are  being  asked  to  complete  is 
to  be  used  for  research  purposes  only.  Please  answer  all 
questions  honestly  by  checking  the  yes  box  or  no  box  for 
each  question.  It  will  only  take  a  few  minutes. 


SCALE  I 


1.  Are  you  inclined  to  read  of  the  successes  of  others 
rather  than  do  the  work  of  making  yourself  a  success? 

2.  Would  you  describe  yourself  as  an  amibitous  person? 

3.  Do  you  work  for  success  rather  than  daydream  about  it? 

4.  Would  you  describe  yourself  as  being  lazy? 

5.  Do  you  usually  work  to  do  more  than  just  get  through 
an  examination? 

6.  Will  days  often  go  by  without  your  having  done  a  thing? 

7.  Do  you  do  things  ’’today"  rather  than  putting  them  off 
to  do  "tomorrow"? 

8.  Are  you  inclined  to  take  life  as  it  comes  without  much 
planning? 

9.  Do  you  work  hard  at  a  job? 


Do  you,  or  did  you,  do  little  preparation  for 
examinations  ? 


YES 

NO 

10. 


X  ' 
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SCALE  II 


YES 

NO 

1. 

Do  you  grow  excited  when  telling  someone  about  the 
work  you  are  doing? 

2. 

Do  you  usually  remain  free  from  boredom  when  on 
hollidays? 

3. 

Are  you  very  interested  in  the  lives  of  successful 
people? 

4. 

Do  you  remain  relaxed  at  the  thought  of  a  difficult 
task  you  are  about  to  undertake? 

5. 

Are  you  usually  unimpressed  by  how  hard  others  work? 

6 . 

Are  you  usually  able  to  sleep  even  when  engaged  in 
an  exciting  job? 

7. 

Are  you  usually  awed  in  the  presence  of  very 
successful  people? 

8. 

Can  you  usually  concentrate  on  what  people  are  saying 
to  you  even  when  an  important  job  is  finished? 

9. 

Does  the  great  achievement  of  others  sometimes  make 
you  feel  small? 

10. 

Have  you  at  any  time  tried  to  model  your  life  on 
that  of  a  successful  person? 

11. 

Do  you  readily  forget  your  work  when  you  are  on 
holiday? 

12. 

Are  you  influenced  by  those  around  you  in  the 
amount  of  work  you  do? 

13. 

Do  you  usually  remain  free  from  envy  when  others 
are  successful? 

14. 

Do  you  often  compare  how  well  you  can  do  something 
with  how  well  others  can  do  it? 

APPENDIX  D 

QUESTIONNAIRE  FOR  PMAT  201  STUDENTS 
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QUESTIONNAIRE  FOR  PMAT  201  STUDENTS 


Name  :  _ _  Age  : 

Address :  _ 

Sex:  Male _  Female _  Telephone  Number: 

Last  School  Attended: 

Last  Mathematics  Course  Taken: 

\ 

Grade  Obtained  in  Last  Mathematics  Course: 

Reason  for  Attending  Mount  Royal  College: 


Year 

Year 


Educational  Plans : 


Father’s  Occupation: 
Mother's  Occupation: 


• 

APPENDIX  E 

THE  SIXTEEN  PRIMARY  FACTORS  OF  THE  16PF 
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THE  SIXTEEN  PRIMARY  FACTORS  OF  THE  16PF 


Factor 


Low  Score 


High  Score 


A 

B 

C 


E 


F 

G 

H 

I 

L 


M 


N 

0 


Qi 


Reserved ,  Detached,  Critical, 
Cool 

Less  Intelligent,  Concrete¬ 
thinking 

Affected  by  Feelings,  Emo¬ 
tionally  less  stable. 

Easily  upset 


vs . 


vs . 


vs . 


Outgoing ,  Warmhearted,  Easy¬ 
going,  Participating 

More  Intelligent,  Abstract¬ 
thinking 

Emotionally  Stable,  Faces 
Reality,  Calm,  Mature 


Humble ,  Mild ,  Accommodating , 

Conforming  vs. 


Assertive ,  Independent , 
Aggressive,  Competitive, 
Stubborn 


Sober ,  Prudent,  Serious, 
Taciturn 

Expedient ,  Evades  rules , 
Feels  few  obligations 


vs, 


vs , 


Happy-go-lucky ,  Impulsively 
lively,  Enthusiastic 

Conscientious ,  Persevering, 
Staid,  Rule-bound 


Shy,  Restrained,  Diffident, 
Timid 

Tough-minded ,  Self-reliant, 
Realistic,  No-nonsense 

Trusting ,  Adaptable,  Free  of 
jealousy,  Easy  to  get  on 
with 


vs , 


vs . 


vs . 


Venturesome,  Socially-bold , 
Uninhibited,  Spontaneous 

Tender-minded ,  Dependent, 
Over-protected,  Sensitive 

Suspicious ,  Self-opinionated, 
Hard  to  fool 


Practical ,  Careful,  Conven¬ 
tional,  Proper  vs, 


Forthright ,  Natural,  Artless, 
Sentimental 


vs 


Imaginative ,  Wrapped  up  in 
inner  urgencies.  Careless 
of  practical  matters 

Shrewd ,  Calculating,  Worldly, 
Penetrating 


Placid ,  Self-assured,  Confi¬ 
dent  ,  Serene 


vs, 


Apprehensive ,  Worrying,  De¬ 
pressive,  Troubled 


Conservative ,  Respecting 
established  ideas.  Toler¬ 
ant  of  traditional  diffi¬ 
culties 


Experimenting ,  Critical, 
vs.  Liberal,  Analytical,  Free- 
thinking 
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Factor 

Low  Score 

High  Score 

^2 

Group-dependent,  A  "joiner" 
and  sound  follower 

vs. 

Self-sufficient,  Prefers 
own  decisions,  Resource¬ 
ful 

<»3 

Undisciplined,  Self-conflict, 
Careless  of  protocol, 

Follows  own  urges 

vs. 

Controlled,  Socially 
precise,  Following 
self-image 

<>4 

Relaxed,  Tranquil,  Torpid, 
Unfrustrated 

vs . 

Tense,  Frustrated,  Driven, 
Overwrought 

A  low  raw  score  on  a  16  PF  factor  should  not  be  interpreted  as  a  "poor" 
score,  but  simply  as  a  score  corresponding  to  the  behaviour  described 
on  the  left.  Similarly,  a  high  raw  score  corresponds  to  the  description 
on  the  right. 


APPENDIX  F 

COMPUTER  PROGRAM  FOR  COMPUTING  16  PF 
SECOND  ORDER  SCORES 
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16PF  SECOND  ORDER  SCORES  FOR  MRC  STUDENTS  1973 

DIMENSION  A(4 ,16) ,  C(4),  X(16) ,  Y(16) 

DO  1  I  =  1,4 

READ  (5,  100)  (A(I , J) ,  J  =  1,  16),  C(I) 

WRITE  (6,  200)  (A(I , J) ,  J  =  1,  16),  C(I) 

1  CONTINUE 

DO  6  I  =  1,90 

READ  (5,  101)  ID,  (X(L) ,  L  =  1,  16) 

WRITE  (6,  201)  ID,  (X(L) ,  L  =  1,  16) 

DO  4  K  =  1,4 
TOTAL  =  0 
DO  2  M  =  1,  16 
Y (M)  =  A(K,M)*X(M) 

TOTAL  =  TOTAL  +  Y(M) 

2  CONTINUE 

TOTAL  =  TOTAL  +  C(K) 

WRITE  (6,  202)  TOTAL 
4  CONTINUE 

6  CONTINUE 

100  FORMAT  (16F4.2,  F5.2) 

101  FORMAT  (13,  16F2.0) 

200  FORMAT  (5X,  16 (F5 . 2 ,  2X) ,  3X,  F5.2) 

201  FORMAT  (5X,  14 ,  2X,  16F5.2) 

202  FORMAT  (5X,  F8.2) 


END 
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DO  1  loop  read  in  the  four  sets  of  weights  and  constants  from  Table  10.9, 
Handbook  For  the  16PF.  (There  were  separate  male  and  female  weights 
and  constants.) 

DO  6  loop  read  in  each  student's  16  primary  factor  sten  scores,  calculated 
and  printed  out  the  four  second-order  scores  in  stens. 

In  this  particular  program,  there  were  90  male  students  (1=1,  90). 


APPENDIX  G 

THE  TEN  PRIMARY  FACTORS  MEASURED  BY  MAT 
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THE  TEN  PRIMARY 

FACTORS  MEASURED  BY  MAT 

1.  Mating  Erg 

Strength  of  the  normal,  heterosexual 
or  mating  drive. 

2.  Assertiveness  Erg 

Strength  of  the  drive  to  self-assertion, 
mastery,  and  achievement. 

3.  Fear  (Escape)  Erg 

Level  of  alertness  to  external  dangers. 

4.  Narcism-Comfort  Erg 

Level  of  drive  to  sensuous,  self- 
indulgent  satisfactions. 

5.  Pugnacity-Sadism  Erg 

Strength  of  destructive,  hostile 
impulses . 

6.  Self-Concept  Sentiment 

Level  of  concern  about  the  self-concept, 
social  repute,  and  more  remote  rewards. 

7.  Superego  Sentiment 

Strength  of  development  of  conscience. 

8.  Career  Sentiment 

Amount  of  development  of  interests  in 
a  career. 

9.  Sweetheart-Spouse  Sentiment 

Strength  of  attachment  to  wife (husband) 
or  sweetheart. 

10.  Home-Parental  Sentiment 

Strength  of  attitudes  attaching  to  the 
parental  home. 

APPENDIX  H 

TERM  TESTS  AND  FINAL  EXAMINATION  USED  IN  THIS  STUDY 
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INDEPENDENT  STUDY  GROUP 
PMAT  201  TERM  TEST  #1 

Answer  all  of  the  questions.  Show  your  work  for  each  question. 


1.  Which  of  the  following  numbers  are  rational  numbers? 


2, 

1.7,  16^,  0,  79,  /8,  tt ,  1 

3  2  0 

2. 

Which  of  the  following  functions  are  rational  functions? 

(a) 

f (x)  =  x2  -  4x  +  5 

(b) 

g(x)  =  x4  -  4 

X 

(c) 

L (x)  =  x2  -  1 

2 

(d) 

f(t)  =  t  +  tH 

3. 

Suppose 

f(x)  =  x'z  and  g(x)  =  x3  +  1 

(a) 

State  the  domain  of  f. 

(b) 

State  the  domain  of  g. 

(c) 

Find  f (4)  j  g(2) . 

(d) 

Write  the  composition  function  (g  o  f)  (x) . 

(e) 

State  the  domain  of  go  f. 

4. 

If  A  = 

[-3,6]  and  B  =  (-2 ,3)  U  [4,5]  ,  find: 

(a) 

AAB 

(b) 

B' 

(c) 

AUB 

(d) 

B'n  a 

5. 

Sketch 

the  graph  of  each  of  the  following  functions: 

(a) 

y  =  i 

2  -  x 

(b) 

y  =  | -x | 

6 . 

Solve  the  following  inequalities: 

(a) 

3  +  *  >  0 
x  -  4 

■ 


' 
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7.  If 


(b) 

|  3x  + 

4  |  -  6 

(c) 

x(x  - 

l)2  ^  0 

x  +  2 

a2  <  b2  does  it  follow  that  a<  b?  Why? 


183 


LECTURE  GROUP 
PMAT  201  TERM  TEST  //I 

Answer  all  of  the  questions.  Show  your  work  for  each  question. 

1.  (a)  Which  of  the  following  numbers  are  not  rational  numbers? 

5,  0,  7.33,  ?9,  8%,  jr,  2.63,  6 
4  3  3 

(b)  Why  is  the  expression  -6  >  x  >  3  incorrect? 

2.  Suppose  f (x)  =  1  and  g(x)  =  1. 

/rrj- 

(a)  State  the  domain  of  f. 

(b)  Write  the  composition  function  (gof) (x) . 

(c)  State  the  domain  of  gof. 

(d)  Find  (f.g)(l). 

3.  If  A  =  Q-2,  3)(J  (j4,5)  and  B  =  (3,6j  find: 

(a)  AUB 

(b)  A' 

(c)  A  0  B 

(d)  B’flA 

4.  Which  of  the  following  functions  are  rational  functions? 

(a)  f (x)  =  x2/3  -  1 

(b)  g(x)  =  x5  -  1 

x 

(c)  L(r)  =  2r2  -  3r  +  1 

(d)  g(t)  =  t  -  1 

I2 

5.  Solve  the  following  inequalities: 


I 2x  -  5  I  >  3 

(x  +  2)  (x  -  4)  <  0 

x(x  -  1) 


(a) 

(b) 

(c) 
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6.  Sketch  the  graph  of: 

(a)  y  =  - 1  1  -  x 

(b)  y  =  1 

2  -  x 
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INDEPENDENT  STUDY  GROUP 
PMAT  201  TERM  TEST  // 2 

Answer  each  of  the  following  questions  showing  your  work. 

1.  Solve  2x  -  3  >  1 

x  -  2 

2.  State  the  meaning  of  each  of  the  following: 

(a)  lim  f(x)  =  -3 
x>2 

(b)  lim  g (x)  =  -1 
x->l+ 

3.  Find  the  following  limits,  if  they  exist. 

(a)  lim  (-2)  = 

5^3 

(b)  lim  x2  -  4  = 
x->-2  x  +  2 

(c)  lim  f  (3  -  t)  -  f  (3)  where  f(t)  =  t^+  1 

t-HD  t 

4.  Find  the  following  limits: 

(a)  lim  2x  +  2  = 

x->°°  x 

(b)  lim_  1  = 

x->0  x5 6 7 

(c)  lim  x  -  4  = 

x-x»  2x2  -  5 

5.  Find  the  vertical  and  horizontal  asymptotes  (if  any)  of  each  of  the 
functions  in  question  4.  SHOW  WORKj 

6.  (a)  Define  continuity  of  a  function  g  at  a  point  b. 

(b)  Sketch  the  graph  of  the  function 

\  2  if  x  <  -1 

f(x)  =  ^  x2  if  -1  <  x  <  2 

^  2x  if  x  >  2 

(c)  Indicate  the  points  where  f  is  not  continuous  and  the  reasons 
why  f  is  not  continuous. 


! 
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7.  (a)  Using  the  DEFINITION  of  derivative,  find  the  derivative  of: 

f(x)  =  3x2  -  2 

(b)  Find  the  equation  of  the  tangent  line  to  the  graph  of 
f(x)  =  3x2  -  2  at  x  =  -1 

8.  Find  the  derivative  of  each  of  the  following  functions: 

(a)  f(x)  =  %x4  -  2x 

(b)  f(t)  =  (2t  -  l)(t  +  l)2 

(c)  g(r)  =  -  2r^3 
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LECTURE  GROUP 
PMAT  201  TERM  TEST  #2 

Answer  each  of  the  following  questions  showing  your  work. 

1.  Solve  2x  -  3  >1 

x  -  2 


2.  State  the  meaning  of  each  of  the  following: 


(a) 

lim 

x+2 

f(x)  =  -3 

(b) 

lim 

X+1+ 

g(x)  =  -1 

3. 

Find  the 

following  limits,  if  they  exist. 

(a) 

lim 

x->3 

(-2)  = 

(b) 

lim 

x->~2 

x2  -  4  = 
x  +  2 

(c) 

lim 

t+0 

f(3  -  t)  -  f (3)  where  f(t) 
t 

4. 

Find  the 

following  limits: 

(a) 

lim 

X-K» 

2x  +  2  = 

X 

(b) 

lim 

x>0“ 

1 

i* 

(c) 

lim 

x-*°° 

x  -  4 

2x2  -  5 

Find  the  vertical  and  horizontal  asymptotes  (if  any)  of  each  of  the 
functions  in  question  4.  SHOW  WORK! 

(a)  Define  continuity  of  a  function  g  at  a  point  b. 

(b)  Sketch  the  graph  of  the  function 

r 

2  if  x  <  -1 

f(x)  =  <  x2  if  -1  <  x  <  2 
V^2x  if  x  >  2 

(c)  Indicate  the  points  where  f  is  not  continuous  and  the  reasons 
why  f  is  not  continuous. 


5. 

6 . 


• 

•  • 
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7.  (a)  Using  the  DEFINITION  of  derivative,  find  the  derivative  of: 

f(x)  =  3x2  -  2 

(b)  Find  the  equation  of  the  tangent  line  to  the  graph  of 
f(x)  =  3x2  -  2  at  x  =  -1 

8.  Find  the  derivative  of  each  of  the  following  functions: 

(a)  f(x)  =  Jgx4  -  2x 

(b)  f(t)  =  (2t  -  l)(t  +  l)2 

(c)  g(r)  =  r^  -  2r4/3 
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INDEPENDENT  STUDY  GROUP 
PMAT  201  TERM  TEST  #3 

1.  Find  the  equation  of  the  tangent  line  to  the  curve  of 

f(x)  =  x2/3  +  x-1  at  x  =  1 

2.  Find  the  derivatives  of  each  of  the  following  functions: 

(a)  f  (x)  =  ^x"  +  ?x3 

(b)  f(x)  =  (4 x2  -  x3)4 5 

(c)  f(x)  =  (x%  +  4)3(1  -  6x  +  4x3)2 

3.  The  volume  of  a  cube  is  increasing  at  100  cu.  in. /sec.  How  fast  is 
the  edge  increasing  when  it  is  12  in.? 

4.  A  function  f  is  defined  by  f(x)  =  x3  -  x2  -  15x 

3 

(a)  Find  the  intervals  in  which  f (x)  is  increasing. 

(b)  Find  the  values  of  x  where  the  relative  maximum  and  relative 
minimum  occur. 

(c)  Find  the  second  derivative  of  f(x). 

(d)  Find  the  points  of  inflection. 

(e)  Determine  the  intervals  in  which  f  is  concave  downward  and 
concave  upward  respectively. 

(f)  Sketch  the  graph  of  the  function. 

5.  Find  the  altitude  of  the  cylinder  of  maximum  volume  that  can  be 
inscribed  in  a  sphere  of  radius  R. 


- 
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LECTURE  GROUP 
PMAT  201  TERM  TEST  #3 

1.  Find  the  derivatives  of  each  of  the  following  functions: 

(a)  f(x)  =  x^  +  4x3/2 *  +  x 0 

(b)  f(x)  =  (2  -  3x2)6 

(c)  f(x)  =  (8x  -  4x2)  3 

(xd  -  l)4 

2.  The  equation  of  a  circle  with  center  (0,  0)  and  radius  5  is 

x2  +  y2  _  25.  Show  that  the  line  tangent  to  the  circle  at  (3,  4) 
is  perpendicular  to  the  line  through  (0,  0)  and  (3,  4). 

3.  Show  that  the  square  has  the  greatest  area  among  all  rectangles  of 
a  given  perimeter. 

4.  A  function  f  is  defined  by  f(x)  =  x3  -  3x. 

(a)  Find  the  intervals  in  which  f(x)  is  increasing. 

(b)  Find  the  values  of  x  where  the  relative  maximum  and  relative 
minimum  occur. 

(c)  Find  the  second  derivative  of  f(x). 

(d)  Find  the  points  of  inflection. 

(e)  Determine  the  intervals  in  which  f  is  concave  downward  and 
concave  upward  respectively. 

(f)  Sketch  the  graph  of  the  function. 

When  the  radius  is  1  ft.,  find  the  rate  of  change  of  the  radius  of  a 
sphere  whose  volume  is  changing  at  8tt  cubic  ft.  per  minute. 


5. 
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INDEPENDENT  STUDY  GROUP 
PMAT  201  TERM  TEST  #4 

3 

1.  Evaluate  f  x  dx  using  the  definition  of  the  definite  integral. 

2.  (a)  State  the  fundamental  theorem  of  calculus. 

(b)  Find  the  area  of  the  region  bounded  by  the  graphs  of  y  =  x2  -  4 
and  y  =  4  -  x2 4 

3.  Find  the  volume  generated  by  revolving  the  region  bounded  by  the 
graphs  of  y  =  /4  +  x,  x  =  0,  y  ■  0,  about  the  x  axis. 

4.  (a)  Given  that  Dx(cos  x)  =  -sin  x,  prove  that  Dx(sec  x)  =  sec  x  tan  x. 
(b)  Find: 

(i)  /  (3x2  +  x  -  2)  dx 

(ii)  /  (2x  +  3) (x2  +  3x  +  5)  dx 

(iii)  /  x/l  -  3X2  dx 

(iv)  /  sec5  x  tan  x  dx 
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LECTURE  GROUP 
PMAT  201  TERM  TEST  #4 

1.  Find:  /  (sec2  u  +  esc2  u  +  2)  du 

/  x  dx 

3  /  x  (3_  x2  -  7) 4  dx 
2 

/  (2x  +  x3  -  7)  dx 

2.  Given  that  tan  x  =  sin  x  ,  show  that 

cos  x 

D  (tan  u)  =  sec2  u 
u 

3.  Find  the  area  of  the  region  bounded  by  the  graphs  of  y  =  x2  -  1; 
y  =  x  +  1. 

4.  Find  the  volume  generated  by  revolving  the  region  bounded  by  the 
graphs  of  y  =  /4  -  x ,  x  =  0,  y  =  0,  about  the  x-axis. 

5.  One  student  worked  an  indefinite  integral  problem  and  got: 

tan2  x  +  1_  +  C , 

6 


6. 


while  a  fellow  student  used  a  slightly  different  approach  to  the 
same  problem,  and  got: 

tan2  x  +  C . 

Are  the  answers  different?  Explain  briefly. 

Evaluate  (-x2)  dx  using  the  definition  of  the  definite  integral. 


. 
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MOUNT  ROYAL  COLLEGE 
DEPARTMENT  OF  MATHEMATICS 

PMAT  201  FINAL  -  MAY  22,  1973 


Answer  ANY  FIVE  of  the  following  problems.  SHOW  your  work. 

1.  Listing  all  relevant  information  (i.e.,  intersection  with  axes, 

critical  points,  horizontal  and  vertical  asymptotes),  sketch  the 
graph  of  y  =  x2  +  4 

x2  -  1 

2.  Differentiate  the  following  functions  with  respect  to  the  variable  x. 

(a)  y  =  2x3  In  x 

(b)  y  =  3x^  -  2x3/5 6 7 

3 

(c)  y  =  sin  x 

X  ^  +  1 

(d)  xy 2  -  y  +  x  =  0 

3.  Sand  is  falling  in  a  pile,  always  having  the  shape  of  a  cone,  at  the 
rate  of  5  cu.  ft. /min.  Assume  that  the  diameter  at  the  base  of  the 
pile  is  always  three  times  the  altitude.  At  what  rate  is  the  altitude 
increasing  when  the  altitude  is  9  ft.?  (Volume  of  a  cone  whose  base 
has  diameter  "d"  and  altitude  "h"  is  d2h) 

12 

4.  Prove:  If  f  is  continuous  at  t,  and  g  is  continuous  at  t,  and 

g(t)  4  0,  show  that  f_  is  continuous  at  t. 

g 

5.  By  showing  d  (ln(ax)  —  In  x)  =  0 ,  where  a  is  some  constant,  prove 

dx 

that  In  (ax)  -  In  x  =  c,  where  c  is  some  constant.  What  is  the 
value  of  c? 

6.  State  and  prove  the  product  rule  for  differentiation. 

7.  Find  the  following  integrals: 

(a)  ?  (J$x  +  x"2/3)  dx 

1 


.  •  ,  -  •  •  ••  •  • 
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(b) 

2 

/ 

x  dx 

1 

1  +  X2 

(c) 

/ 

x  cos  x  dx 

(d) 

/ 

x  +  2  dx 

x  +  1 

8.  Using  the  definition  of  derivative,  find  the  derivative  of  the  function 

f(x)  =  1  from  first  principles. 

x  +  3 

9.  Find  the  height  of  the  right  circular  cylinder  of  maximum  volume  V 
which  can  be  inscribed  in  a  sphere  of  radius  a. 


APPENDIX  I 

THE  DATA  GATHERED  IN  THIS  STUDY 
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THE  DATA  GATHERED  IN  THIS  STUDY 


Code 

Xi :  Student  Identification  Number 

X2:  Student  Age  in  Years 

X3:  Numerical  Ability  Percentile  Score  (DAT) 

X4:  Abstract  Reasoning  Percentile  Score  (DAT) 

X5:  Wonder lie  Percentile  Score 

Xg:  Van  Wagenen  Rate  of  Comprehension  Score  in  Words  per  Minute 

X7:  Costello  Scale  I  Raw  Score 

Xg:  Costello  Scale  II  Raw  Score 


X9: 

Factor 

A 

raw 

Score 

(16 

PF) 

X10: 

Factor 

B 

Raw 

Score 

(16 

PF) 

Xn: 

Factor 

C 

Raw 

Score 

(16 

PF) 

Xi2s 

Factor 

E 

Raw 

Score 

(16 

PF) 

X13: 

Factor 

F 

Raw 

Score 

(16 

PF) 

X14S 

Factor 

G 

Raw 

Score 

(16 

PF) 

X15: 

Factor 

H 

Raw 

Score 

(16 

PF) 

X16: 

Factor 

I 

Raw 

Score 

(16 

PF) 

X17: 

Factor 

L 

Raw 

Score 

(16 

PF) 

X18: 

Factor 

M 

Raw 

Score 

(16 

PF) 

xl  9  : 

Factor 

N 

Raw 

Score 

(16 

PF) 

x2o : 

Factor 

0 

Raw 

Score 

(16 

PF) 

X21:  Factor  Qi  Raw  Score  (16  PF) 
X2  2 •  Factor  Q2  Raw  Score  (16  PF) 
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Code 

X23:  Factor  Q3  Raw  Score  (16  PF) 

X24:  Factor  Q4  Raw  Score  (16  PF) 

X25:  Exvia  (Introversion-Extraverion)  Sten  Score  (16  PF) 

X26 ;  Anxiety  (Low  anxiety-High  anxiety)  Sten  Score 
X27:  Cortertia  (Tenderminded  Emotionality-Tough  Poise)  Sten  Score 
X28:  Independence  (Subduedness-Independence)  Sten  Score 
X29:  Integrated  Career  Sten  Score  (MAT) 

X30:  Integrated  Home-Parental  Sten  Score  (MAT) 

X31:  Integrated  Fear  Sten  Score  (MAT) 

X32:  Integrated  Narcism-Comfort  Sten  Score  (MAT) 

X33:  Integrated  Superego  Sten  Score  (MAT) 

X34:  Integrated  Self-Concept  Sten  Score  (MAT) 

X35:  Integrated  Mating  Sten  Score  (MAT) 

X35:  Integrated  Pugnacity-Sadism  Sten  Score  (MAT) 

X37:  Integrated  Assertiveness  Sten  Score  (MAT) 

X38:  Integrated  Sweetheart-Spouse  Sten  Score  (MAT) 

X39:  General  Autism-Optimism  Sten  Score  (MAT) 

X4q:  General  Intelligence-Information  Sten  Score  (MAT) 

X41:  Total  Integration  Sten  Score  (MAT) 

X42:  Total  Personal  Interest  Sten  Score  (MAT) 

X43:  Total  Conflict  Sten  Score  (MAT) 

X44:  Term  Test  #1  Percent  Score 
X45:  Term  Test  #2  Percent  Score 
X46:  Term  Test  # 3  Percent  Score 
X47:  Term  Test  #4  Percent  Score 
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Code 

X43:  Cooperative  Mathematics  Test  Raw  Score 

X4g:  Final  Examination  Percent  Score 

Note 

Students  with  identification  numbers  from  1  to  67  inclusive  were 
in  the  independent  study  group  while  those  with  identification  numbers 
from  68  to  129  inclusive  were  in  the  lecture  group. 

Missing  data  in  the  computer  printout  is  indicated  by  zeros  except 
for  the  two  cases  where  a  dagger  (f)  appears  with  the  zero. 


XiO  vil  X 1 2  XI?  X 1 4  XI 5  Xtf  VI7 


199 


0,  t  >  r»  t-  o  h  c  .  «  ro  r  o  i* 

t-  •  ft  I  I  tH  t-* 


^  a  o  (\j  C\J  J  N  C  r .  c.i  0J  iX  O  cd  c 

-r-l  «-H  tH  tH  H  iH  I  tH 


vt3  co  a  od  ro  o  -d-  a  r-  o  t-  o  a  a  cv .  x>  r-  c\j  cv  ip  cv  cv  ip  O'  to  a'1  cd 

tH  I  tH  I  (  ,H  tH  ft  tH  tH  <H  ,-i  tH  tH  ft  I 


vP  CM  CD  O'  NO  a  OCCJ'J,>HNirCVl(V0''fOCr.  IT  MT^MriMUDDlfi 

T-t  I  y  y  I  I  tH  tH  tH  CM  CM  tH  tH  tH 


cc 


4’D4,^0(M01f.^J't\JHWSN^nJ' 
-r-t  I  tH  tH  |  ft  |  tH  tH  fH  ft  ft  y  -H  tH 


crcjMJ-ojj’rooco 

ft  ft  ft  ft  ft  tH  I  ft 


S  H  D  O  O  0C 
ft  |  r!  rl  |  r 


O  CO  V0  CD  CV)  IP 
|  ft  ft  tH  fi  CM  fH 


r<  r  r  ff  (C  M  N  N 
CVJ  tH  ft  ft  ft  tH 


rH  O  rl  ^  ffa  a 
ft  ft  ft  ft  ft  I 


^  IT;  D  N  IT  D  ir  O  o 

T-!  I  ft  ft  I  f  I  ft 


anfCtHructftrroj’Mooj'KJUnec  itoj- 

f  ft  ft  tH  ft  tH  ft  ft  ft  tH  *h  ft  I 


4  (i1  D  IT  (\J  O  vti  D  IT  ff  (\J  r<  00  W  f*'  KJ®  "J'  N  CT  O  Lr  D  M  N  O  ro 

tHtH  I  ^  I  r<  I  ririnrl^'Hrirl  -H  rl  rl  H  rH  rl  W  H  I  rH 


J  nnfi-ff  nffnrrtroKoMrMMMrO^ONODttOO 
rl  |  II  ft  tH  ft  fi  tH  ft  ft  I 


c 

cr 

CM 

CD 

IX' 

cr 

O 

J- 

o 

IP 

CP 

CD 

IT 

CC 

cc 

IX 

cr 

CM  O 

N- 

r~ 

Is- 

vC 

O' 

CD  CD 

ro 

CC  o 

IP 

X 

1 

ft 

I 

I 

ft 

ft  T-t 

tH  tH 

y 

1 

cc 

ip 

0 

O 

CC 

Xt 

CD 

cr 

CD 

vC 

ip 

CM 

CD 

VP 

cc 

cc 

CP 

IP  CD 

N 

CM 

CV 

o 

CV 

CO  CC 

r- 

«j  ro 

tH 

X 

1 

1 

1 

ft 

1 

y 

tH 

N 

O 

cr 

CD 

r- 

c 

CD 

(J1 

CD 

o 

a 

cc 

IO 

PO 

CD 

r*~  iP1 

CD 

v0 

Is- 

cr 

ec  X) 

r- 

hT  1- 

CD 

X 

ft 

1 

1 

1 

1 

ft 

y 

tH 

vjD 

(Vi 

N- 

CD 

CD 

I- 

N 

CV 

CD 

o 

CD 

CD 

CD 

CD 

CD 

IT 

CD 

CD  N- 

IP 

CM 

CV 

CD 

IT. 

CD  IP 

o 

o  o 

CD 

X 

CVJ 

u 

1 

1 

IP 

N- 

fO 

1 

1 

1 

1 

■P 

1 

1 

ft 

1 

1  IP 

a 

XD 

CD 

1 

CV 

1  o 

i 

1  1 

1 

PC 

tH 

tH 

CM 

CV 

CV 

ro 

y 

y 

CM 

CV 

CM 

tH 

IP 

a? 

-P 

CD 

O 

CM 

CC' 

.P 

O 

o 

o 

CD 

CD 

CD 

o 

1- 

o 

o  ro 

-d" 

CD 

cv 

CD 

ro 

O  CM 

o 

CD  O 

o 

X 

cr 

vC 

1 

1 

CC 

eo 

vP 

1 

1 

1 

• 

CD 

1 

1 

cr 

1 

»  ^r 

iP 

O 

cc 

1 

cr 

1  CO 

1 

1  1 

1 

ft 

y 

•d- 

r- 

CD 

CD 

IT 

IP 

IP 

o 

CD 

ir 

o 

CP 

O 

CD 

IP 

ip 

IP 

CD  IT, 

IP 

IT 

o 

O 

a 

IP  IP. 

IP 

IP,  o 

IP 

X 

o 

cr 

1 

UP 

.d 

IP 

CO 

1 

CO 

•d" 

cr 

IP 

J- 

IP 

CP 

cc 

IP  -d- 

N- 

IP 

O' 

cr 

• 

cr  r- 

cc 

r-  c 

a 

(V'j 

r- 

o 

CD 

IP 

Is- 

IP 

IP 

CD 

iPi 

CD 

CD 

IP 

a 

CD 

r- 

IP 

r-  ip 

CD 

Is- 

o 

CD 

O 

cr  o 

a 

CD  IP 

CD 

X 

cr 

r- 

1 

IP 

a 

CO 

f- 

1 

cr 

r- 

cr 

O' 

r- 

IP 

cr 

p- 

o  cr 

i£> 

0 

CO 

CP 

1 

O'  CO 

CO 

CD  O’' 

vC 

CM 

OD 

CM 

CD 

CV 

ft 

ft 

O 

ft 

CD 

cv 

cr 

ro 

cr 

CV 

o 

ft 

CC  CO 

O 

<P 

CP 

CD 

y 

y  fC 

r- 

a  CP’ 

cv 

X 

ft 

CM 

1 

CM 

CM 

CM 

tH 

CV 

CM 

CM 

fl 

CM 

tH 

CM 

CM 

CM 

y  CM 

CM 

y 

tH 

Pi 

cv 

CM  tH 

tH 

cm  y 

cv 

t'H 

CVJ 

ro 

J- 

IP 

<JD 

X- 

CC' 

cr 

CD 

y* 

cm  ro 

IP 

vO 

r—  co 

a 

o 

tH 

CM 

ro 

Jh  ip 

vjO 

I-.  CO 

CP 

X 

y-l 

y 

y-i 

nr* 

ft 

ft 

rH 

y 

y 

CM 

CM 

CM 

CM 

CV  CM 

CV 

CV  cv 

cv 

< 


■  r- 


' 


Zlx  9 IX  SIX  *7 IX  £IX  2tx  IIX  OIX 


200 


ro  a'  vC  (\J  C  O  P-  a  X  -r-*  P  CM  Cm  O  c 

T-l  T-(  *-t  *~l  T-t  I 


X  ai  o  Cl  O'  «.  N  rt  C\J  O  O'1  W  M  a 
»-l  t-'tHtH'-1  t-*  *-<  '-T  I 


cr  cm  cr  cm  cv  po  a  ip  ud  re  «  it,  n  ro  a 

CM  <r<  T-*  t-I  «H  I 


KCMCOtTOBCMHcCMO^rOd’D 
r)  rl  t-*  T-t  t-h  tD  ▼“*  t-h  I 


ci  o  ro  cm  cm  a  o  t-  O’  x  cj  lt  po  a 

I  <H  <r-t  tH  tH  v-4  yH  y— < 


O  O  T-l  B'  iC  ®  O'  M  O'  C  CP  CM  CP  CM 
I  rt  ■*-»  <t—  >i~t 


C  rl  CM  J  K!  CM  X  CJ  IT  CJ  N  J-  O  a 
|  CM  CM  CM  «H  yH  CM  *c<  vH  yH  CM  tH 


OiCKNoooCrUT^lPlTMN 

|  T“*  Y“t  Y-t  yH  Y-"*  Y~>  Y~ I  Y~! 


ff'0Vco'J-Ho(Mlf»d’OU3fOirootf>Ki^r<frjSN«N  vDl^COH 
CVJ  r-lrlHrlrJCMrlrirT  I  I  rfrr^Wrlrlr^r'rlrlrlrlH 


CD  CPIT  C'X  IP  IX'O  IXl  X  fO  LP  IP  DT  CD  CD  Df  Mf  CD  CM  IP  OC  v£)  X  CM  yH  CP  .S'  vt- 

yH  Y-4  yH  Y-Y  -H  tH  y-t  T-i  T-t  yH  |  I  yH  YM  CV  CM  yH  yH  y-(  CM  th  y-c 


O'1  t  P  M  O'  vC  N  i  cr  S  ^  to  c  o  th  j  j  w  s  O'  j  j-  a  vd  b  d  a 
r(  rl  Hr(r<THrlr(rlTHrl  I  I  (\Jrlrlr(rl'HTHrr»Hrlrl(\)rl 


SOCCCOOtfO'ttriecCDONCOOO'Ortff'troeSStCCCNCC 
y-1  yH  y-(  t-*  I  I  y-I  yH  ■  yH 


C  O'  4  Mf  ^  ro  O'  tf  a:  N  N  c  o  O'  o  c  a  o  p  e  vt  ir  x  a  w  J-  cc  ro 

X  Y-*  Y-*  Y-I  Y-I  T*-1  Y-I  Y->  Y-* 


co  oNO\Eu,|®®®U'iriN«ccvir'OC34'(r!rocr'4-J’cv/vDroNooNoo 

X  T~  tH  |  Y-* 


X 

vC 

CD 

O 

LT. 

00 

VC 

CP 

CP 

CD 

o 

OC 

v£> 

X 

CP 

vC 

CD 

CD 

OC: 

X 

CD 

X 

vD 

IX-' 

X 

cc 

X 

vC 

CD 

0 

X 

Y"Y 

T-< 

1 

y-I 

y-I 

y-I 

vX> 

CD 

CD 

CD 

o 

o 

CD 

X 

X 

X 

tp 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CM 

X 

o 

CD 

CD 

CV! 

o 

O 

CD 

CM 

o 

X 

1 

• 

• 

I 

1 

1 

oc 

o 

CM 

1 

IX' 

1 

1 

1 

1 

CM 

1 

a 

X 

Jt 

1 

1 

N 

1 

yH 

1 

X 

1 

T-< 

CM 

ro 

CM 

yH 

Y-I 

CM 

CM 

CM 

y-I 

CM 

y~I 

LT. 

CD 

O 

O 

o 

o 

CD 

O 

x 

Dt 

o 

ro 

o 

o 

O 

O 

CM 

CD 

O 

CP 

ro 

CP 

o 

S 

CD 

CM 

O 

X 

o 

X 

1 

I 

1 

1 

• 

1 

VT 

CP 

cr 

vO 

1 

X 

1 

1 

1 

1 

a0 

1 

O 

CP 

X 

CP 

1 

vC 

1 

or 

1 

CP 

• 

cr  'iroiT'ff'OUMtNolMnotrKCOOiriKIfiNCMroNoK.otP 
x  CMincccr  icoccMoNONcr  i  i  in  oc  cr  oo  c  O'  p  oco  a  cm  a 


PM  IX'  CD  CD  IX'  u  O&lflSOOlf'Clf'OolPoOOOlfilMf'OCNOQ 

x  UJ  OC  a  OC  O'  i  ro  cr  cr  n  s  c  it  o'  i  i  xxcpcrcpcrfox  o  m  cr  n  a 


CM  OM(M(MCro(rCPSoaoO0'Or)tHTi«NTHOW0'flC«0®B5CC 

X  W(MMCVJr<Cv)r(r-(MCMHC'Jt\iT^  I  PMCMrlrlWMWr'Hrlrlr'rl 


n  OTHPJKJlfuCNooCrOrfCMroJ-|lMi)MCaO'HMroJ-tnxNeO 

x  roropoforororopopofojpj-jp^j-j-j'-d-j-jr-ir'ir'ir'ir'ir'irioif'ir 


. 


,  ' 


■ 


yo  yio  XI 1  XI?  XI?  XI  4  XI  5  X16  Yl? 


201 


U  li  c  ■  N  -4"  N  a  M  4  c.  CT  oc  CM.  t-*  c  CM  li  vl  if  f*'  M  r-  u  CM  CD  cl  X  cr 

T-l  t~i  T-t  T-t  T*  T-t  I  T-t  T-1  T-t  T—  T-t  T-l  T*  T-  T< 


N  r-  o-  c ,  v  ro  o  a  J-  j  j  M  IT  ^  4  o  ir,  O'  O'  4  J  r-  O'  «  J-  o  if'  IT 

T-t  T-t  T-t  T-t  T-t  T-1  T-t  T— '  T“t  I  T-t  T-t  T-t  T-t 


CM  IX  N  O'  «"  C'  iC  K  If'  C  o  IT‘  J  or  kC 


a  LfKi  c  N  NrtoNMr-4--3".4-ro 
|  t—I  (X  t-i  t— i  t-i  T-t  CM  CM  t  t-I 


cr  cd  cr  cr  tx  vc  -x  ro  tx  cr  n 


ONDODC'<DWJ'iDiH4-r«rooM^(X;N 

T-t  T-t  T~  I  T-t  Tt  T  T-t  T-t  T-t  T-1  T-t  T-I 


IX  IX  t-1  jf-  CD  T<  iH  (T1  ON  t-i  vO  CM  vX  OC 1  0  t-1  IX  t-i  AC  CC1  C3  vJD  O  NCM  (V  tX 
tH  t  CM1  t-i  t-i  t-1  t-<  CM  T-t  t-i  t-<  I  Hri  N  IMdHrlrtWrtrtWn 


IX  CM  ec  KC  tjD  O 


tM  J  X  N  (M  W  Kj  «'  J  O  Ur 

t— l  tH  T-l  T~  T-  T-t  T—l  T—  I  T-t 


t-1  N  N  CV.i  O  N 
rl  r<  H  CM  M 


OC  O  Ifi  rl  ro  cr 

0  T-t  T-t  cm 


IT'  a  cr  oc  N  N 


CM  OC  CM  4f  Ll 

T-t  T-t  CM  T-t  tH 


T-t  00  CT 


N  CD  O  LX  O  CM  C  CD  O'- 

rt  I  t— I  CM  T-t  CM 


T-t  CMI  CM  N  CM 

CM  T-t  T-t  T-t 


O  x  o  «  a  w  c  s  ro  o  n 


-rt  vC  CT  oc  o  oo  oc  oc  o  cr  «  vC  T-  CJ  o  o 

-Hi  I  T-t  Tt  T-t 


cr 


t-h  fo  vC  IX  »X  C  IX  U  vX  tt  \X  CD  f*  O  N  CD  Tt  T-t  N  CV  tX  N  «  *3  m  N  O  Ur  OC' 

T-t  T-t  T*  T-t  T-t  I  T-i  T-t  T-l 


ec  S*  X  X  K'  C  t  K  J  CM  N  «  rt  X  4  O  M  J  X  PJ  ®  O  CC  O  0t  N  tX  O' 

>.  T-t  I  TH  T-t 


r 

x 


C\  (J1  U  a  U  CJ  o  C  coo  4  X  to  1*0  C 


o 

I 


OC  N  0  0  LX  1*0  LT'  N  -3  00  U  IX  CD 


40  IfDCOlf'OoO 

X  CM  J  N  0C  CM  I  I  I 

CM  CM  CM  T-t  CM 


o  CD  o  CM  IX  o  O  cr  o  CM  CM 

|  I  O  O  I  I  I  I  1*0  vO 

fo  M  r*  CM  CM 


C  O  O  O  CD  CM  U  IX  CD  N 

I  C  CM  I  |  CD  CT  00  |  IX 

ro  T-t  CM  T-I  CM  T-t 


C  K  CO  (M  O'  D  D  C  O  O  o  4  ®  OQOO^CTetOft  o  C  1*0  -3  CM  o  ro 

cr  n  ao  ro  cr  i  i  »  loiorooi  i  i  i  n  a  i  cr  j  i  i  nix  oci  -x 


-t  N  CD  IX  IX  IX*  IX  IX  IX  IX  IX  O  O  CD 

X  cr  a'  X  cc  O'  K  IMi  CC  ct  l  O'  I 


ro  a  o  m  &  u  O  oNNNCDlX.  Cj 

X  s  x  J-  N  crcrvocrcro'  I  oo  I 


cm  cr  ct  ti  cr  cr  j-  t-i  cm  cd  cm  c  so  o 

x  T-I  T-t  CM  T-t  T-t  CM  CM  CM  CM  CM  X  t-i  CM 


O  IX  O  CD  O  CD  U  CD  U  IX  IX  IX  CD  IX  IX  CD 

eo  i  O'  or  O"  n  uo  x-  o  tx  t-h  <£*  tx  a*  cv 


li'ifflOlllOOOXXO'OOOOCO 

wo  l  oo  ex  n  n  n  a  cr  cr1  n  vD  ix  cr  lx- 


ro  o  cv  o  T-t  oo  o*  O’  cm  oc  ro  t  o  4  a  cm 

CM)  XJ  CM  T-t  CM  T-t  Tt  Tt  T-t  (M  -H  CM  CM  CM  X 


O  artMfOd'inXNKO  CD  tH  CM  PO '4  LX  Or  N  00  O  CD  t-I  CV  >  fO  4T  IX  t£>  N 

IX  t£>  m0  sC  \C  vO  vC  U3  \C  vC  vC  N  N  N  N  N  N  N  N  N  N  «C  ec  oc  ec  00  OC  oc  CC 


X 


' 


Y 1 0  Xll  XI 2  X13  XI 4  X 1 5  XI  *  vi? 


202 


Cj  r  O  (\i  t'  o  C  J.  -jfc.il'  >.  1  CM  O’  c  t 

rH  rH  rH  rH  tH  rH  rH  I  r'’  rH  rH  rH 


▼i  k  c  --t  a  t  o 

rH  r^  rH  rH  rH 


c  u 


O  C 


C 


a  a.;  o  cv  a  o  i*  c  «n  a  .4  a*  it  *4  J-  o 

^ —  r-<  ^ — I  r*  |  r4  r-  r-1  rH 


OJ  f"  ®  ri  (\J  O  J  NJ  If  J  OC'CT 
rH  rH  r-  rH  T"4  rH  r  H 


fMC  ®  (T  IT'  IT>  O  co  CT  o 

rH  rH  rH  rH  rH  I 


er  o  IT,  N  iC  If1  O  rt  vf 

r'  C\J  t-h  rH  rH  rH  rH 


rH  -4  IC  C-  (T  o  O'  fo  ffl  « 

CJ  rH  rH  rH  (\.  t4  n  rH 


lf4(MOjCT(\lO'K>WcN 

rH  rH  rH  rH  rH  rH  | 


4  TH  M  M  N  O  a:  oc  ^KvC^THO'CCr4|4)fO 
rH  rl  n  r(  v~  tH  r4  r4  r4  ■»“»  •»— I 


rNJ-tfowoMoolT'HaccJ' 

rH  rH  rH  CVi  rH  ▼“*  rH  CVi  |  r4  (V  H  n  rl 


a  jr  id  *h  cj  cj  *c  r4  o  n  cr  m  ir  ir 

rlrtTHrH(Vl(\Jr4(\JrttHrlH  rH 


N  N  VC  J-  VC  OC  ^  ^  CC'  O  CD  C  PJ  J"  VC  O  O'  4-  VC>  O  (T  S  C  vC  N  CT  cC  IT.  H 
rH  rH  (V  rH  rH  rH  CM  rH  |  C  r1  H  r  r4  ^-rH  ▼-* 


H  lO  rt  f'  IT'  •?  N  S-  CT  C'  ID  If 


,4  r-  IX  iCuD  4-  r4  OC 

‘  ^  I  *4  ■  4  j  4  »i  I  <■  1 4 


0  O  O  c  rH  IT®  0  C 


(vioo>MST(«c(T'«or(coiro'®e»c«ro'T4ecoccw 

rH  r(  rH  rH  |  tH  t-i  tH 


OC'  OC  rH 


O  N  a  ,4  it  r->  «C  C  U  O  a  J  li  00  ID  CV  CD  vi;  -4  -4  or  O'  U  0  CV  CM  CT  -4  «X  C- 
X  r<  rH  I  rH  rH  *-*  r-1 


CO  Q  SM^0»J-NW0ri»r(40N  4®0®0«3CVSJt-lf\CVHf'N 
X  r<  -HI  -Hr*  tH 


C  4  0  40  N  O  K  Hi  OC  O  D  IT  VC  N  CC  N  cC  CT  IT  N  f<  O  S  S  o  ®  1*5  S  C  U 
X  rH  I  ^ 


v£;  D  CM  ON  W  C  CC  S.  O  O  C  O  O  O  CD  CJ  CD  N-  if'  CaOOOOOlf'CDOO 

X  ct  ro  •  C  O  I  vi  1  -4  O  I  I  rH  |  |  I  n  I  ®  W  I  •  •  I  I  I  CJ  I  I  I 

•rH  CJ  ro  CM  CJ  CJ  fO  CJ  CJ  rH  CJ  CJ 


CJtroNcroeofoN-ootXJooocvoocvOoooaoocooo  po 

arC'  »  OCC  l  orcrO'  I  i  a  i  I  I  cc  I  oc  C  I  I  I  I  •  I  ®  I  *  ^ 


j-  o  N  If  O'  o  O'  IT4  o  in  o  If  '  o  o 

x  o  o-  «  O'  o1'  o  ®  cr  o'  i  a  O'  kC 


C  oNM^UCPlfioNCJU  ^O 
x  cr  cr  cr  cr  co  c  oc  a  cr  i  r<-  cr  cr 


CJ  cON®OON®0'®(00'0|th 
X  r1  ^ — 4  CV  ’  CVJ  CV J  rH  rH  rH  rH  CJ  r-  rH  CV) 


rH  OC  O  CD  rH  CV  fO  J-  UV  V0  C-  CC  O'  O 
X  ccoOO>(T,CT'CT'Cr'Cr(T'OOr>(T'a 


oirv  c  if)  oir  in  ir  ircinoiniMno 

4-rio  4vDvcrcrcj-foo^)Or4a’  i 


cjocjX  ooUMMMf'Oinoooo 
a  a?  oc  a1  cr  co  v0  o'  cc  n  a  uj  oo  uv  vo  i 


OOBKOrCOOJOO1®^®® 
CVCJtHCV  CJCVJrHCVJCJCVJCVrHrHCVI^HrH 


rl  CVI  n  4  in  VC1  N  ®  0  CJ’  rH  CVJ  ^  J-tCvC 

OOOCJCJOCSOCSrHrHrHrHrHrHrH 

r(»Hr4rlr4rlr)rlrlTHTHr)'HT)THrl 


' 


■ 


I  4 


203 


[v  o'  (  iv  tvj  ^  n  J-  A  la 1  Ti  j  a 

th  I  th  t-1  t-1  t*  ® 


a  a  >  cd  cr  cv  O'  A-  vD  vC  -3T  c  vC  vP  o 

T-l  T-l  1  T-l  T*  T<  T-l  s 


LA 

T-l 

X 


NatovCJ'OHr^rWoac 

T-l  |  tH  T-I  (Vi  T"l  T<  I 


tH 

x 


CD  o  Jt  ®  (0  ®'  K  O  iH  N  A-  O 

T-l  I  rl  iH  rl  r  t-i  tH  t-1  t-1  t-1  I 


ro  >£  o  tf  rl  a  N  O'1  rl  D  if  IT  0C  CD 

T-l  tH  I  C\J  CVI  T-l  ^  I 


cvi  cr  cd  ro  -*  «*  la  t  cv  J-  re-  cd  la  co 

tH  t—  I  T-l  T“l  T"l  Tl  T-l  T~l  T — *  T"l  T"l  I 


0C  O  J  J  li  iCNO'J'iflAiCC 
T-l  I  t-it-ItHt-It(  t-I"Ht-It-I| 


o  (MoaeCCOriMoecaNa 

T—  t-1  I  T-l  T—  T-l  H  I  I 


&  u:  c  MocvDOT'Mtrcr  la  a-  <=> 

X  t  T-  Tl  T-1  I 


<t;  vC'  CJ  (T  N  Of  fv.  th  v  ®  O'1  O  rl  O 
XI  -H  Tl  » 


A- 

X 


rv  CD  O'  C  O  it  n  J  O'  O  <T  A  o 

I  Tl  I 


\jD  A  A  oovwoaocltc  IT' 

x  00  00  |  0C  IT  CV  A  I  I  1-3  I  CV 

r-i  ri  Tl  n  ||J  CV  CVI 


LT  O'  A  O  4  O'  A-  C\J  C5  o  o  c  W 

x  cr  a  i  la  cr  cr  cr  i  i  i  a  i  cr 


j-  oooinrO'U'ircooo  a 

x  cr-  i  i  ir  c  o  cr  cr  cr  u  vc  a  i 


fv  ifoolfioUiooAacSo 

x  cci  i  AcrO'Cncra'CT'iLO'  I 


O  A)  CD  t-1  O CVI  0C.  CVI  00  CA  T-l  O  O'  CD 

X  A  |  AJtIA  rl  CVJ  rl  a  M  W  r  I 


AODCr-  OnOJMJ'lf'lCA'Cff 

t-It-It-iCViAJCVIAJCVJAJCVJCVJ  CVICVI 


* 


t  .  V  \ 


i£x  2£X  X £' X  0  £ X  o2X  £2X  Z  2  X  92X  92X  *7zX  £2X  22X  X2X  U2X  oTX  b  Ta 


204 


^  vp  c-  ir  c  c n  r  c*  r-  r-  j-  r  U"  u  LT  ir  vr  k  cr  n  a  c  if  if  lf  ^  j  if 

ill  i 


j  vt;  o  i  n  o  n  o  ro  o'  s  ff-  ir  if'  cr  un  oc  ir  ^  i»'  M  C3  j-  4  ir  <r  ir 

ill  • 


m  j-  □  i*  ^  o  k  o  ifi  ri  ii/  ir  j  ^  r»  ’  ro  iTi  ic  n  O'  ▼-*  if'  o  v£  vD  k  a  a 

ill  > 


v£>  tfj  CD  C  c=>  M"-  CD  in  cc  -4  to  J-  .4  *£  vfi  -4  »£>  J-  >£  in  CD  ,4  -4  vC  *T  (V  ITi 

III  I 


J-  VC  CD  in  u  aorcj-vf  U'tfiJ'd-CMriDiCetifMf  oN  4  4  «:  ro  ir 

III  I 


r<  o  c  CC  ee  a  If,  O  If.  N  If'  N  C  J-  1^  CV  Ki  4  »  ®  lT  -t  N  lO  CT  fO  c;  S 

J-  a  *  vCwD*  IT*  vC4fr;-tJ’f^J''f3vf  4ir  N  lf\  0-  If  If  f1  -t  ®  *  U"\ 


vc  u.  QkCiroiCocoMf  v£  co  f'c  crcvi  c\j  th  n  k  tx  cvj  -j  o  it  m  i\j  o  n 

cr  *  cvj(£)*  cr  *  4f0^roirirj-«xiir'N-r-^'f^trr->i-  vO 


(X1  vf  CD  if  K  □4Cri(\jO'‘Nr<MOXitONJ  OCC  O  4  M  M  O'  ®  O  f 
ir>  *  in  r*  *  u  *  s  n-  N  «■  ir  -f  in  O'  u,  s  4  s  kf;  n  O  rn  J-  *  m 


4  Ki  Cl  iH  ®  C  O1  CJ  C  tf  \  S  S  O  o  K1  N  U)  fO  ff!  Ifl  ^  I*  O  O  4T  -4  O  CD 

(Vi  4  »*  iC  K  #  4t  *  W  4^  K  fo  X  4-  SIT.  a:  ^  r  M)  j-  J-  v£)  in  >»■  K 

aCooifo^aiCvCa^ifff'lTriO  ril«)  ®  O  a)  O'  X)  o  -t  W  o  a 

t\J  ri  I  r(  I  I  HrsMrlr<^THTH  Wrl  r  -H  tH  CV 


44C(Vlf'anoO'SrtriWff.oNO'OCr 

T-!  I  T-l  T-»  •  T— <  I  T-l  T-*  T*  T-4  *”l  T-l 


O  K>  O  rl  (J  00  H  O  O  (\J 

rH  rH  rH  r~*  tH  tH  I  r-l 


a  i*i  c  O"  ir1  o  4  d  ro  cvj  j  o  or 

r-l  I  r-l  I  T-l  I  r-l  r^  rH  r-* 


0  OC  o  s 


ro  ro  in  if  re  O'  «  o  1*  oc  cd  r» 

■T^  r^  r“*  rH  T""!  r*l  I 


cvj  <x  ctncdcdt-ic  cr  r 

T-<  T"l  I  I  *“•  • 


rH  D  O'  H  N  O'  M  a  C'  4  fr  O  a 


’«**-  tu  T~l 


N  ff  O  4  N 

T-t  I  T~i 


o  0 

I 


(\Jr(4  040'r<CrrtrlOr'«C^  If  4  C  O  O'  O  « 
t-I  T-l  r-i  tH  tH  (VI  i-H  -H  T-i  T-  T-  l-r-l 


O  VC  CD  rl  r 

r-l  I  r-i 


O  N  a  O'  d,  OC  MM  00  O’  «  tfi  rl  ID 

I  I  •«-« 


in  j  u  w  s  cm  ic 


c_  it, 

I 


CVJ  lC  CD  CD  (VI 
<jH  T-S  I  ▼"*  rM 


CD  O'  CD 

I  I 


N  (M  O'  rl  CM  CD  O  CO 


if.  cm  in  ^  fo  vO  ro  o  co 

■<H  rH  rl  rH  r1  I 


CM-  fO  4  If  X  N  a 


O'  D  rl  CM  CO  4  IfiO  N 


a  cr  o  r<  (\j  k  4  in  vO  s  cc  o 

rH-HCVirjCViCVlCVJCVtVjCVICVjCM 


■ 


XI p  x 1 °  X?0  X  21  X?  2  X  23  X?4  X2C  X26  X27  X?8  X2°  X30  X31 


205 


rv  ^  c  u  o.  lt  c~  r^  r*  j  u u~  ■  cv  ip  -4  ^  *—  lp  *4 


vr  j-  n  r>  j  if  ir  r  cv 


ro 

x 


cv  n  4  K!  4  ovTCT  N-ir-  ro  If  O  S  o  C'  #'  O'  4  O  Lf>  C'  Cv  VC  vC  vl  -f  \L  \T 

,  I  I  ^ 

f, :  r,  fr  c;i  (v  vf  -4  IO  vT  vi  -rH  O  C  VC)  vf  If  N-  IO  lo  vf  .  -4  -4  U  IP  J- 

I  '  ' 

ir  ^  4  VC  4  O  If  C  ^  ^  4-  4-  J'  Ot  C  o  ro  ro  -4  -4-  vX  vi  "H  IP  vD  ro  vi>  IT-  IT- 

I  •  • 


VC  Vi  ro  ct  j-  CD  unr.  VC  IT  vT-  4  J  C  a  j  Ifi  c  J-  VC  j-  if  a  ro>  a  j-  ro 

•  »  » 

J-NlO^CTNaCViCVivDO'vilPNOalfNrtCVilPvClP^vCaCriflPOJ 

ro  fo.  J-  VJU  J-  IT  ro  vf  vO  IT  IP  IP  CM  N.  #■  »  iC  N  or  O  vU  CC1  N  ro  O'’  C  <  C1  N  "4 


a  Of  c  I*  ^NtrirocsooJvD^oo^^JKJ'oKoO'irostvj 

. .  .  . . *  *  '  '  ' 

4-NooN^ooroNNCVJroirJ- 


^-^THv£'cvrocvi^incrir.ir>(vjtr>^  * 


of  ro  cvj  w  n  lA  ir  n  cr  w  s  o  ir  o  o  j-  «  oj  o  un  ^  o  n  ®  c  w  if  vo 

a  !«•'  IT  N  i  vu  in  u'  ro  vD  vC  a.'  *  *  N  Ui  UJ  vC  CV  Vi'  J  IP  If''  -3-  -4' 

J  O  c  ^  W  J  ^  Cl  Ifl  tH  ro  ^  tH  CV)  O  O  VO  ^  If.  H  4  VD  J  OC  O  Vf  If  N 

k*  a*  cm  -h  cm  Jt  ro  ro  ro  ro  vr  ip  cm  -4-  *  *  vD  4  a  o  -4-4P--4-loip-4-ip-4- 


ir,  oo  O''  cc  r*-  vCNif'S^vCSK'rooo 

I  __j  ^  ^4  5*h  I  I 


ro  ec  u''  in  vC  vf  if  t-i  ec  ro  o  o  -4 


cm  j-  ip  oc  io  a  cm  ro  ro  ip  ro  vi  r*-  cd  o 


a  vr  ac  O  CJ  (VJ  (T‘  O  vD  4  s  o  If' 


I  I  ■H 


▼-4  ^rH  <*H 


oerJ-(J'4Ki«C(fvCNnO'4Moooopj 

—I  _i  __<  M  ^4  <rH  «*-<  tH  -H  "H  •  I 


»-iicr,>lfN^C\JOSCDCL 


cr  MDw4-cra'»r!^wroorfooo(J'fri 

_h  wh  tH  r  rl  H  r)  rl  I  I  ^ 


cvj  p  o  ro  cr  cd  o  or'  ro  cr 


cvCcvjr-cDCT'-^CMoc 
f  «r*  CM  "r-* 


o  vC  vi  ir  o  a  ro  ir  <i  a  ro  n  h  cr  cm  cm  4  o  ® 
-tH  T-l  T-<  I  •  -H  -H-H  T-< 


fv;  cc  ro  oo  o  cr*  *3  ▼*■< 


r-  a  <r-v  CL  O  CJ  o  lfivt>4-ff'NiWD4tH(CS 
T-t  I  I  O*  -H  -H  y* 


oDCM4ifOr-J-wicroicrif"ioow4co4rcvjvDifMf«3^ifw 


<H  c  ^  cm  ro  cr  p.  vi  r^  oc  cr  o  ^  cv  ro  ^  it  ^  ^  ^  cr  ® 

x  rc  ro  r^  fo  ro  ro  ro  ro  ro  ro  ^  ^  -dr  ^  ^  ^  ^  u  u  w  u 


XI 8  V1Q  X20  X  2 1  X22  X2?  X24  X?*  X2G,  y?7  X2 «  X?°  X^G  X71  X^2 


206 


is  IT  n  if1  j  N  cm  4  N  4  P  (\J  if  cr>  U  4  C"'  P  «  iX  P  U  O  4  r  IT  vf  If  N  4 

rO  I  I 

y 


If  J  K'  i£  ff  (M  If  O'  CT  vC  r-  o  CM  rH  o  vC  r  vf  J  N  tf  ID  4  sf  vO  iD  4"  4 

I  I 


vD  v£  vD  O  IT  4  PO  4  vfc  4  P-  PO  CJ  rH  a  C-’  VO  IT  VD  P-  P-  P-  •»-<  «  P  0  po  vo  vi 

I  I 


it,  us  cm  in  r-i  <x;  ir  cm  in  ro  ro  cr  a  a  vDcrcaJirif'  J-»c  in  u  (\.i  in  4  in  ro 

t  l 


vr  ^  j-  j-  ^  ir  oc  ir  j-  j  vC  it  o  n  tc  e  k  ro  ip.  uun  to  to  inf-  m  Min  vC 

i  i 


CM 

p- 

LO 

CM 

in 

PO 

cO 

CC 

PO 

oc- 

CC' 

P- 

in 

J’ 

CM 

o 

CM 

a 

m 

PO 

VD 

cc 

cr 

O 

PO 

o 

CT  4 

•^H 

IT 

PC 

vD 

4 

O' 

ro 

4 

if 

CD 

vD 

IT 

in 

n- 

PO 

VC 

» 

N. 

4 

vD 

VD 

or 

CO 

K 

CC 

VD 

CM  P- 

4 

vD 

vC 

in 

CM 

CM 

4 

"fH 

in 

PO 

o 

P- 

CM 

a 

CM 

cv 

CT: 

PO 

CM 

ro 

CM 

N 

cr 

CM 

CD 

M 

P~  CC 

CM 

IT 

4 

CT 

vD 

vD 

4 

03 

IT 

in 

in 

4 

in 

«X) 

vC1 

* 

.4 

K 

vD 

cc 

cr 

cr 

4 

n- 

vC 

vD 

P-  P~ 

in 

PO 

CD 

ao 

a 

vC 

4 

P 

4 

CM 

vD 

pv. 

in 

PO 

a 

o 

PO 

CT 

o 

CO 

cr 

CC 

o 

CC 

CD 

in 

o  cr 

a 

p- 

p- 

a. 

4 

4 

IT 

vD 

in 

4 

v£ 

IT 

in 

PO 

VD 

in 

» 

ID 

PO 

4 

N 

co 

4 

CO 

a 

4 

vD 

co  cr 

vT 

cc 

p- 

o 

P 

vC 

4 

4 

CM 

T-* 

CM 

4 

n 

p- 

-T 

o 

r-i 

cn 

TH 

c\ 

vD 

O' 

CD 

P- 

rH 

ro 

4  P 

CD 

PO 

4 

UD 

PO 

CM 

po 

CM 

PO 

in 

PO 

PO 

pr 

•rH 

•4- 

«■ 

PO 

4 

P- 

p- 

vD 

Lf 

CM 

t' 

cc 

P- 

CM  cO 

4 

cc 

CD 

CM 

CD 

oc 

in 

p 

LT> 

LT' 

CM 

0 

CC 

a 

cc: 

o 

4 

CD 

rH 

cr 

4 

CO 

ro 

4 

o 

K 

N.  ro 

4 

CM 

CM 

tH 

tH 

r*< 

rH 

1 

tH 

r- 

CM 

rH 

CM 

T-t 

(V 

rH 

CD 

CM 

CL 

CM 

PO 

o 

CO 

10 

a 

PO 

CM 

O 

PO 

PO 

o 

4 

in 

PO 

CD 

O 

a. 

vC 

ro 

4 

o 

4  « 

N 

rH 

rH 

T-t 

■H 

tH 

1 

•H 

■rH 

▼H 

•H 

-3- 

cr 

▼H 

PO 

CO 

cc 

vC 

4 

a 

o 

CD 

CO 

If 

IT 

J- 

o 

in 

CM 

00 

ro 

CM 

vD 

ro 

PO 

cr 

4  P* 

ro 

tH 

rH 

▼H 

■H 

rH 

«r** 

tH 

▼H 

1 

T-< 

^*‘1 

■H 

▼H 

t-4 

CM 

vC 

PO 

CM 

p 

LT 

4 

n 

CO 

CM 

CT* 

CT> 

m 

CT 

CD 

PO 

cc 

CD 

cr 

vT 

vD 

o 

cr 

CM 

it  n 

4 

▼H 

▼H 

tH 

5-4 

*r~! 

1 

tH 

rH 

rH 

▼H 

CD 

IT 

r*- 

CM 

cc 

4 

CM 

v£ 

PO 

o 

VC' 

sD 

jp 

Cj 

CD 

CM 

N 

CD 

VD 

4 

N 

IT 

CM 

in  vD 

P0' 

^r4 

T“* 

<rH 

*rH 

•*-< 

tH 

<T* 

•r^ 

tH 

tH 

1 

tH 

r-H 

*rH 

tH 

*r-4 

▼H 

rH 

0 

CO 

4 

Cj 

CM 

4 

CM 

O 

vC 

vD 

P- 

cn 

0 

up. 

cc 

CD 

tH 

p^j 

a 

VL 

ro 

vD 

CM 

IX 

4 

P- 

a  c_ 

4 

*•* 

r-H 

r-< 

•H 

1 

t\JiDrslCV!kCt\JvDst!kO»f'sDJ'^Ca)4'Ci(\J4'tMr'OOTH®®UNN'^CVI 

^^^-C^^HrHrHrHrH  CM  rHrH«H  rH|rHrH,DTHr-lr-irH  rH  i-> 


(J  O'HWrr!J-lf'kCNC01Or)f'Jf04'lf'vCI^®0'C)r^CVifrJ'  IfvCS 

If  vJt  vD  vD  vD  vO  vC  sD  vC1  vC  vD  P-  P-  P^  P^  P^-  P~~  P'  P«  P"  P-  eccc  co  cc  co  CC  ®  oc 


207 


k  ol  lt  if  cvur,  tr  J-  vC  a 

k  i 

X 


CM  M  If  vf  N-  N- 

ro 

X 


or  vC  vf  cc  cn  if  -S'  oc  or  if  N 


*-i  vl  J-  f-  VC  vf  J  vD  *-* 


vC  O  K  1C  f<)  If  f-  IfO  f*-  f-  r* 1  ^ 


If  f*  fO  If  If  N.  «2f  C3 


ro 

x 


cr  TH(v"vCvDrOf  J'(ViTHcnCVI^-J'‘3’C>vJvCvC|Lf 


If  Lf  vC  vC  vD  O'  vD  vO  vC’  «J 


X 


CT  vC  vC  If  cf  J-  If  If  U"  vC1  CD  vf  If'  -r-t  If 

CM  1 

X 


^  ro  r  ro.  K1  r^-  r*'  ■  ir*  v£ 


iv)  a  oc  o  if  if  if  oc  if  k>  r»  «-> 

•  • 


OC  If  vD  O  CT  <H  vC  if  CP  vC  o  CM  VO  If  K  o  o  CM  ro  CT  ec  o . 

-  •  •  *  ^  J  rZ  *  *  sL  *  cr# .J  *  vrV  *  ro  k  vc  n  ro  ir  f  -  ^  «  «c  ro  if 


CM 

X  vC  N  If 


P- 

f 

X 


CM  J  K  CT  N  Vf.  CVJ  ®  O  J  J  W  OC  N  |f  ro  V  11^  O  »C  a  If  <C  K'  N  ^  W  ^ 

N^®  *■  *  Cf  VC.  Nf-  vf  Lfvf  f  I  ^  r-CT  vf 


tf 

CM 

X 


CM  o  If  CP  <H 


IX  f 
CM 


D  C  CM  vC  -X  CM  XCCD®  cc  to  f-  OC  -H  If  CM  OC  P  <H  ^  ^  ^  ^  ^  ^  ^  ^ 


>  If  vf  >r-  J-  f  XXX 


j-  «  oc  cd  eo  ro  if  a  o  ro  o 

— -I  «r-<  T"l  "H  f-  l  -r^  ’T_ * 


CM 

X 


Nd,00rlirff'rlO0Co®vDCriN  f  lf-X"  C 


CM 


tf  or.  ro  j-  th  J-  w  w  if  ro 


a  o  cm  vf  if  ro  ro  ec  oc  cm  if  «  if  ^  cc  J-  cr  if  if  cc 


CM 
X 

CM  If 
CM 
X 


T-H  T”l  T**  ’H  I 


,ww<cj'^Jrf'^0^ 

_<  t-4  <r-l  *-1  tH  ■*“<  I  *0* 


ec  ro  j-  n-  N-  if  P-  ®  ^ 


CD  C  rO  CD  OD  O'  O' 


,  _  ,  ..  -  -  .  ,  f  «r,  ff  M  ff,  C  IT  o  if  O1  ro  o 

^  (VJtTHcDJOOUMC  O  ^  ^  o  «H  «H  -H 

-  ‘  .  - 1  - ‘T-t  |tH»H  Tn 


CM 

X 


C  crsxx.tr^DoeiDccoexxwo 
r  ^  ^  y*  ’fi  I  ^  1H  O  H  rl 


CMiH<r«^K*^^H,^-,^et  ^ 


o  vc;  if  vd  if  a  o 


If  If  OC  O  OC  r**  N  O'  CD  IX  CMVCOOCPOlfCMOlfc^WvC 


T-t 


X 

(Ooocrca'traocro'cr’CroDODQuuuu  ^^^^^^ 

*H  ^  iH  H  t-i  ti  t  *  tH  T~i 


X 


r  ;■  .  ■ 


' 


208 


r*  n  r  j  it  if  J  it  r  u‘  ir  j  o 

ro  I  * 

X 

f\j  \i'  C  r*  CC  CM  OC  ITi  r(  K  rl  r<  r*  O 

ro  i  • 

X 


th  i*)  o  if'  vf  U'  v  ro  a  fo  <i-  ro  o 
ro  i  * 

X 


a  oCDNCt\JJJ-tf'W(TN(J'o 
t*~  I  * 

X 


C  LT  O  li  X  N  -3"  CM  ft.  IS  CO  N-  v£  CD 

CM  I  1 

X 

CD  IT'C^oavCvCCVJtMd'^vDO 

CM  ••••••••••••• 

x  o  *  j-u^iTivovOvontnirro* 


fv.  DOOOMtfiO  rlMl^vDvDO 

CVI  ••••••••••••• 

x  00*  CMLT>K>tOCT'N.CM^J‘ir'* 


vXJ  rl  O  IT  O  K  CCiOM(TOOCfOO 

x  j  *  vDN-irj-tr'fs-^ir'UAf^* 


tp,  li'i  q  K  O  J  O'  O'  fJ  If1  00  *h  CM  O 

CM  •••*••••••••• 

X  LT  *  pr  LP  «C  CO  <H  CNJ  t-1  CM  CM  CNJ  * 


ooainH^sccaa'apjSD 

CVI  |  ^  t-I  t-i  r~l  rH  TH-T-tT-tl 

X 


fo 

CM 

X 


O^OT-troCMfOlf'f'OvOf'OiriT-tO 

|  tH  T-*  V*  r~l  Tl  rtrl  vH  n  I 


CM 

CV! 

X 


ff  a  Df0C0lfM»®J-rlvCli''O 

rH  I  rHrl  TH  t-I  ,-1  -H  <r*  <r*  I 


i-t  J-oN*.'OWlTiHrlOfoaO 

CM  rl  I  rl  rl  rl  rl  rl  rl  rl  rl  I 

X 


o  <roMO'Nv£lfi4ovDK  er  o 

CM  I  rlr  t-I  r-H  -r-l  <rH  t-  I 

X 

0  li'a-J'ariJNtVtVjMC'j®  ^ 

t-I  |  •»— <  ^—1  ■»— I  '»—<  rl  rl  rl  I 

X 

CD  o  O  C  ^  rl  1*0  in  S  M  J  CC  a  D 

tH  CV  I  T-I  *-(  r-<  T-I  t-I  T-I  r-l  * 

X 


SCO'OrN^J-invOKttO 

,-trHrlCMCMCMCMCMCMCMCMCMCM 

^^Tlrlrlrlrrlrirlrlrlr 


, 

y  3  4  Y3r  X36  X37  X38  X39  X40  X41  X42  X43  X44  X  45  X46  X47 


209 


O  C  □  Cj  O  OOCC'OCOCJO 

illicit  i  I  re  I  l  i 


C  CD  O  O  If  □  O  J  CD  O  f»  O  O  C) 

it  iicvi»'«-i»iro»»» 


o  o  o  c  if  o  o  ff  a  o  fo  d  d  a 

iiitifiisiiaiii 


cd  o  cd  cd  PC  oaooooooo 

•  I  i  i  oc  t  i  i  i  I  N-  I  ir  i 


o  o  o  o  cd  «o  jp  J-  o  v£)  ^  o  a'  o 
I  |  I  rlf*  NW  If  I  CP  N-  t  IT  I 


cd  If  cc  Ifoc  ot  o  C  C"  o  oc  o  c.  o 

|  P  M»  |  I  I  S  I  M  W  I  • 


oWffMCo^lT'DoSod’tfao 

I  CM  •r-i  f  ▼-<  t-<  I  ICMI’HtHI  I 


OOfOD^tfJ'ODNODrlOO 

I  it  .  po  if  th  nr'  po  i  if  ec  i  i  oh  l  l 


oopnivattU'of^ir.  oaooo 

llrHin  IT  |  P-  LTPO  I  I  •  • 


occvMC(C"twatfvCW«c  <=■  o  o 

I  kC  J-  Of  ^  ®  If.  |  if  K  ^  fi  I  v£  • 


c.  a  d  o  4  o  ffMf  o  cc  «jD  CM  cc  ci  ci  o  CV  J-  vC  <r  cr.  o  cc  <f  o  o  vf.  if 

I  I  |  |  to  J  |  CM  oc  (M  CD  |  Ifi  P»-  U>  PC  *£>  I*-  N  I  a  PO  N-  I  -ft4 


iClfoCToDOifolN  vC  N  N  P-  C’  CC  s  CC  if  (C ^  K 

I  I  I 


o  oo  s  co  if  a  <T 
I  T~t 


w  j  o  vf  if  o  oil  o  if  cd  if  u.!  -J  a  S  If  *  "S’  if  w  j-  if 

I  I  I 


CD  PO  If  J  If  .  N  U 

I 


OC  O  O  If.  CD  LT' 

I  I 


C  If  .  if  N-  If  vC  if  J-  J  if  If  N  ^  vC  f  O 

I  • 


if  pr.  cr  tf  PC 


N  N  O  If  If  o  O  DMMifliDifCCif)iCNIf)OClf'tfNolfS  •!  X  N 


ff  T-  o  co  4  cut  O  If  ®  4-  fj  X  vf  if  If.  If.  ^  P^  vD  o  j  j-  x if1  X 

III  1 


(M4-0THNONCDfjNNrlKNSlCO  T'iCJa:NaiDlfiOrOlfXf 

III  * 


d  if  D  r)  J  CMC 

I  I  I 


^  s  ^  fOP  s  PC-  PO  if)  VD  PO  CM  PO  ID  CD  r-l  if  CV!  IT  Df  PO 


NiCoiOlfoCTo 

I  I  I 


N  if  J-  J-  if  cc  if  rc  if  X  J  fc  o  uD  o  if  J-  O  ec  jp  If 

■H  I 


If  f.  CD  if ,  O  cj  CT  CD  0  f  if  0  **•  00  if  J  Uj  If .  o 

I  I  I 


if.  ro  o  po  vfl  pc  if  N.  vi 

I 


a  joifr4DiDo«lflfiDvOU)niD»Clfe^^Noif  cc  po  ir  K  po 

III  ' 


T.  CM  P 


j-  u  .  if  .  s  <r  tr  a  ti  ^  w  j  if  .  if  s  ®  cr  o  H  co  p-  J-  if  X-  n  c  c 

^tH^^^^tH^i^-i^-CMCMCV  (VJ  CVI  CM  CM  CM  CV)  CM 


' 


yt  4  X35  Y36  X3?  X3*  X39  X40  X41  X4?  X  43  X44  X  45  X45  X4?  X4^ 


210 


o  o  r''  o  u  d  c  c  ir  o 

I  i  oc  o  0  I  I  •  PC'  I 


DOd-NNoaQMo 

I  I  CV  PC  (VI  I  I  I  CM  | 


CD  Cl  o  O'  C  O  o  >£  O 

I  |  o  oc  S  I  I  I  vjD  I 


of*  D  O  C  O  C  D  O 

•  ro  pr  l  I  •  I  •  l 


oroN-oooooco 

I  CM  |  |  I  I  )  I 


o  N.  O  O  Cl'  o  CI  o 

I  IT  I  I  I  •  I  • 


tr  f*  C  DOC  DOff 

J  I  J  I  I  I  I  I  tT' 


POPOCDx-tOCDCDCDOOC 

M  rl  I  W  I  I  I  I  I 


CM  CV  OKDOOOOf 

a  cc  i  a  i  l  I  I  •  v£ 


CD  CD  IT  ro  IT  CD  CD 

I  I  «  O'  c  I  I 


or  o  o  IT  \C  cd  o 
j-  i  |v  oc  cr  t-i  i 


o  f  C  a  W  K  cr> 

•  vo  i  I  cr  i 


o  *£  a  cc  cd  co  o 

W  vC  M  -J  ^  I 


□  oop  lx  a  f*  o 

|  |  |  I  fc  J-  S  I 


o  o  o  o  oc  a  J"  'X1 

I  i  i  I  ip  n  s  n 


CD  cd  o  a  c  o  IT 

cr  i  i  i  l  •  cv 


Jt  J  J-  a  cc  cd  (X1 
cr  N-  t-i  |  IT.  I  ir 


«•  a.  cr  cm  cr  cd  U  cv.  CM 
ic  M  CO  CT  O'  »  PO  PO  0  <H 


UD  vC1  o  o  cm  a*,  o  cm  cv 

\L  oc  <jj  I  i  ro  pc  I  vD  o 


iOWOlCJOC  CV! 

a-  |  s  ir  to  J  O'  I  tfv 


aCStfccomoo-ccivMCeccairccifMCSflCccOKioMJ 

I  I  I  TH 


cvm(Njir^oja-Nu  j-Nif'j-oof-NvoLnvtiairoj-J-JirJ’W 

l  i  « 


i  «  > 


o  ip,  o  p^j-irtnJ'iru>vDCM 


PC 


4-4-N4dvOCCNvOvC 


vCiSIToOITsOvCOS 
II  «H  *rH 


LT  '^rir  j’U'  iTivc  j 


cirMf*:jaj-4’0'tr'foj-roKoooir4'KJ'C[-J-ir\MJ'N4^ 

l  I  l  r 


j-vCifiJ'ONkDNJ-CNvDPOOOirJf^^iD^ir^Jlf'CCP  -1 

I  •  I 


PC  If  MNvOCITvOJ'J'J-S^iroCWPf  0DvCN»O»OvOP'P  rr>  s£>  -ot 

I  •  • 


a  s  N  ©  CM  V0  UT>  vC  0  ICJ’POOOlfitCvOfCUNvCtt  CV  P--.  CC.1  N  0"'  CM 

I  •  » 


^sirNworovttrcc  p^-ccvt  u.  o  o  i\i  ft  o  u  ^  «3  tr.  n  co  4  vo  p 

i  i  i  •*“t 


po  v£3  J'^HDircOCtrirU'MDlf'OCjN  cr  IT  CT  LT-r  CM  -3"  CM  IT'  vX1 

I  I  • 


,  n  —  MfOjfLCiOf'  OC  O'  O  CV  P  4^  IP  Is*  CC  (T  C  <pl  W  P^  'O  S  ft 


XI*.  X3*  X3‘  X37  X»«  X39  X40  X41  X4,  X44  v4-x  X4*  X47  X4«  X4P 


211 


C  vT 

I 


n  e  O  tf  O  If'  D  C  CD  O  CD  CD  CD  O  vC  vX1  CD  CD  O  Cl  O  C  C-> 

rl  j  M3  cv  i  i  i  i  i  •  o  »  cm  ro  i  »  ^  ^  1  ' 


O  OC  X 

|  CV  t-* 


o  Mf  cd  P  p**  of  Cl 

|  M  (V  CM  T-1  •S'  ■ 


O  I  3  O  o  o  or.  Q  UJ  fo  o  O  ro  it  u  c 

I  |  |  |  |  p  1  M  ■*-<  I  I  CV  >H  I  CM  I 


O  O  to  P' 

I  I  Tl  M 


OOCCNJ^Vd^OOOOOCD 

IS  |  od  j  or  s  (o  I  I  I  I  I 


ci  n  c  N  P  o  o  j-  r-i  o  c\i  o  C3  o  N-  ro 

io'iirrvj|fr®uNi^l  •  •  cvj  ro 


is' 

oc 


a  CC;  P'  CC  c  IT  D  D  O  o  O 

J-f'XMJKvCIOl  * 


0  cd  ip  o  ITi  a  o  o  LP  a 

•  |  CP  |  IP  vC  I  41  ®  vO 


o 

I 


O  O  o  O  IT'  o 

vD  I  I  »  O  vC 


O  Ip  o  c  o  * 

p  p  -3-  p  i  p 


CM  CC  CD  O  CM 

cr  j  vC  x  IT' 


O  o  O  to  O  K 

II  I  «t  |  vD 


^  c  w  J  ec  c 
a  I  P  uD  vC  I 


WOOOWJ- 

ITS  I  4  I  If  »C 


cv  oc  vX1  a  u.  cm  cd 

cc  ip  x  oo  cr  s  o1 


a  c  o  o  o  cc 

vX  CM  I  "i  W  I  •» 


o  CV.  CIO  CV.!  Ci  -t  oo  CO 

CC  IP  1C  N  I  vO  -3"  OC 


ci  CM  oc  CM  vjC  <S  a 
J-  IT'  IP  *H  vX  CM 


x  «  O'  MP  o 


CP  CP  CP  oc  »r  or  o  O'  CP  o  «X>  cc ■  OC'  oc 

I  I 


vP  OC 


P  co  0  cc  a  <r 


IP  IP  IP  Ct)  S  J  If  IP  vC  P 


J  o  «3  P  C.1  U_‘  Vi  P  If  '  Ci;  LS  -P  »X)  -3  P  IP  Ot  IP 

I  I 


vX 


IPs  PI  ip  p  P  p  sC  N  IP  S  X  O  f*  -P  O 


IXs  «p  IT'  vO  P  IP  tH 


Mf  .  ro  ip  ip  ip 


ix>  vX)  ip  p-  p  ip  j’  s  n  s  p 


XalP4-aXNNvON-tf^MP^lPNvC 

I  > 


ro  j-  n  j  w  x 


cc  IP  VC  «  -3-  LP  C=>  vXI  ro 

I 


c:  p  xxroxJxroj-Njxx 

I 


pj 


NX4'NXCMVJPXJ-cC0CaCTSOJ-4-NJ--3'PXXlX^\P>rJ 

I  I 


(X  P  CVJ  P 


oc  p~>  p>  ro  •X'  J-  P-  cm  o  p”  ■»-  o  ix:  P  IP  -P  p^  xp  -r-i  vX  cm  j  vP 

I  I 


X  vC  Ot  K  P  IP  vC  <T  if-  X)  IP  3  o  Pj  »C  o  N  cd  IP  P  oMf  -tPKlf  NN 

|  I  -H 

ec  cc  a  P-  CO  U  p  X  tfs  If!  P  p  o  LP  ^  °  0  vC1  CM  vX  vX  Ui  Pi  s.  ip  X)  X)  X  IP 

I  I 

j-  it.  j-  vD  ip  vx>  ro  uv  vc  oo  »x  lp  o  j-  jr  o  p:  ip  vc  vc  it,  -p  ro  a  ip  ip  vX)  vX)  vxi 

I  I 


tH  CP  CD  t-1  cm 
IP  vX)  «X)  vX 


ro  «p  ip  vo  p-  oo  a 

X  X  X3  X  X3  X  X 


cd  tX  cm  ro  «P  ip 

p.  p.  p  p  p»  p 


X  P  0C  C  CD  T-: 

p  p  p  P  cc  ec 


CM  ro  -3  IP  vX)  P 
CC  00  oo  OC  OC  OC 


> 


■ 


212 


O  tc  a:  a  r'  c 

j-  if  J-  if  N 

X 


•l— 

O  vf  O  -t  K  *£  C  O  If 
o  if  i  Is  ro  v£>  cv  ▼- 

•ri 


c  c  v£'  o  or  re  c>  cd 

CNJ  |  f*  |  rO  I  tt 


C  oc  -r-  C  CJ  vT  re 

I  O'  O'  I  I  CV  <r-i 


oc  cd  a:  ro  ro  if  OC 

J-  CV  CV  CM  (V  CV  -S' 

X 


^  a  N  N  cv  or  ro  k 

CM  |  H  t**  OJ  iH  rH 


N  O  O  O  <t‘  N  a 

I  W  I  iHrl  I 


o  a  |o  a  a  o  n  O 
j-  i  ro  cvj  i  i  oj  t-4 


p> 

J- 

x 


K  IT  ,  O  OC.  ’H  vf 
K  to  r*-  N  00  vC 


Ov£  0L  (\j  (\j  O  If  O 
I  O!  S  4-  j  I  J-  VO 


C '  C 1  o  N 

|  If  |  IT  If  I  If' 


O  4  If  D  CD  IT'  «4 

|  oc  N-  I  I  4  If 


0D  O  CJ  If.  o 

j-  cr  if  o'  n 

X 


If .  C  If  o  o  if 

SON  I  P-  -4 


If  If  O  O  If  Q  o 

OC  IT  |  If  If  I  N 


If  o  If'  o  If  o 
W  vD  vf  •  X  I 


O  CD  Q  CD  If.  CD 

O'  S  I  |  if  S 


If 

-4 

X 


rVCCl£>C4C0raaCDO<\!<V»CDeC|f4£a«OO*OCDOCDraC\J«C^ 

r-  vf>  O'  oc  \X>  O  03  I  ^  N  N  VD  I  J-  If.  vf  «-  vj. 


4f 

-4 

X 


cvoc^vocviovoococec 

0  ooccf-O'CJlfvfvfivCCCNlf  JNJN'f-1'*-  U  -J 


ro 

J- 

X 


in  c  s  4  N  'C  00  CO  oc  CD  N-  vC  c.  oc 

I 


0  00  N  If  0C  N  00  00  OC  O  o  |v.  If  OC  CD 


co 

.4 

X 


ooai-Jf^u,'':rjvt,voNlI>{Vl^ 


LfOCiff-  up  If'  ro  vD  CVl  .4  f 


.4 

X 


vf  If  if  0  vt  Lf  U  If  If  o  v0  OC  4  if  re  IT 

t 


^4’4'lfvDlflff'’fr  (CUlf  c 


CD 

.4 

X 


oc.  sifa’ifNjjr-'foNKr'iifr^ 

i 


N  (t  if  N  if  41  N  4  If  if  (f  if  ^ 


O 

ro 

x 


K  vDr0iH4’i-(f04-vCcvC4'f.  vC4^4 

I 


(X)<\JN-vfvCCVJlf‘«4'N-,,4't<  -4"  Cj3 


cc 

ro 

X 


CWMf.4Nfo4»Oo4CrvD4fONvC 

I 


IT'  Vf  -3"  Vf  If1  P"  CV !  *4  .4  If  *4"  CD 

I 


N- 

ro 

X 


vc  uo  ro 


(C4ir4if  K'Dif  ior  'Dfowr  p  v0N.vCvcre.4«r-P~p-^oc3 


UD 

ro 

X 


If 


CM  cc  Cf  fo  if  I  cc  OC  o  «£  J*  4-  if  If.  ro 


\C  O'  If  If  N  N  ®  vO  f'  vC1  O  4  CD 

■H  • 


If. 

ro 

x 


p-  p-  n-  p-  cd 


o  if  n  n  o  o  fv  ro  oc  ro  n-  p»  if  if  c~  Is-  «4  vt-  if  if.  u.  if.  if  cj 

•  ^ 


j- 

ro 

x 


vCNMClfCfN<C40vDlfJ4KK(£)NNv0  4^N^«t'UvvC^O 

I 


B  (T,  a  th  M  r  4  If  N  co  O'  O  -H  CM  P0 

CP  CTCf  cracr  cr  O  O  O  CD  O  CD  O  O  O  O 


4‘lfvfS*fff  C3rHCMfr‘4rlfiX 


213 


O'  otkDtiroifooT<ac^c 
4  ri  J  I  J  r*  i1  O  I  If  oc  I  N-  4 
X 


CO  CD  CV  CD  4  00  f*D  O  00  O  03  oo  vf 

4  cm  cm  l  cm  ■*-<  r^  ro  »  cm  to  i  cm  cm 

X 


r*~  if  n  o  o  ■  N-  O'  co  c:  or  th  o  t-i  4 

4  -JIT  ISlfkCN  IN®  cc  CM 

X 


o  if»  o  c  cj  if’  o  o  u.  o  o  tr> 

4  If  fs-  I  4  CC  CC  00  |  O'  N.  I  OcC 


If  vO  cc  co  cv  co  ao  4  o  o  co  co  CM  CM 
4  irtflSJC®  loceojVN 
X 


4  CiOW^J'^OWOMvCOC 

4-  vCvt-liiiOJ'O’ONCCCr'NO  I 


K  tfoOvDasNO'SCff'CCo 

4  I  I 


O'  S  O  K  VL'  vD  r  PO  r  4  PO  O 
4  I  • 

X 


t-4  V  o  M  S  h  vJD  vC  NUC  IT  CM  If  O 

4  I  » 

X 


O  Ko4v0  4v£lf4lf444co 

4  I  • 

X 


<r  If  O  J  r  N  4  ro  4  CM  ro  K  4  co 

ro  i  i 

X 


oo  «c  COl0  4vD4vD^*X)ini^40 
ro  l  I 


^  co  cvj  ir  ir  vO  4  if'  ro  ro  cvj  4  co 

ro  i  i 

X 


vf  KO4CMLT0C4CV  pr  er  If  O'  o 

K  I  I 


If  is.  a  if  if  If  sC  v£  vf  If  If.  P*  4  C 

PO  I  I 


4  u\coro4Pc.  iflfcOlfCVT-tCVia 

ro  I  * 

X 


•r*  p~-  oc  cr  co  cm  ro  4  if  v£>  is-  cc  o 

X  oOTHMWCVJWWtMlMCVJWW 


APPENDIX  J 

PRELIMINARY  STUDY 


214 


215 


PRELIMINARY  STUDY 

This  is  a  brief  summary  of  a  study  the  researcher  made  during 
the  1971-72  academic  year  at  Mount  Royal  College  in  Calgary,  Alberta. 

In  September,  1971,  a  one-semester  calculus  course,  PMAT  201, 
was  offered  on  an  independent  study  mastery  learning  approach  similar 
to  that  described  in  Chapter  III.  There  was  a  difference  in  that  the 
students  wrote  weekly  tests  that  counted  towards  their  final  grade  and 
there  was  no  formative  testing.  At  the  beginning  of  the  semester, 
scores  were  obtained  from  the  General  Aptitude  Test  Battery  (GATB) . 

The  GATB  yields  a  general  intelligence  score  (G)  and  subscores  for 
verbal  ability  (V),  numerical  ability  (N) ,  spatial  ability  (S) ,  form 
perception  (P) ,  and  clerical  perception  (Q) .  These  six  scores  were 
compared  with  the  final  achievement  scores  (in  terms  of  grade  point)  of 
the  students.  Means,  standard  deviations,  and  correlations  for  37 
students  are  shown  in  Table  XIX. 

Table  XIX 


Means,  Standard  Deviations  (SD)  and  Correlations  (r) 


for 

37  Fall 

(1971) 

Independent 

Study  Students 

G 

V 

N 

S 

P 

Q 

Achievement 

Score 

Mean 

71.2 

61.6 

77.0 

70.0 

71.8 

81.6 

1.7 

SD 

18.2 

21.4 

15.5 

23.3 

20.6 

15.8 

1.4 

r 

-0.344* 

-0.303 

0.087  -0.269 

0.157 

-0.330* 

significant  at  the  0.05  level 
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A  comparison  of  achievement  scores  with  scores  on  the  Wonderlic 
Test  for  41  students  showed  a  nonsignificant  correlation  of  -0.156.  The 
Wonderlic  Test  is  an  adaptation  of  the  Otis  Self-Adminis tering  Test  of 
mental  ability.  A  nonsignificant  correlation  of  -0.087  between  achieve¬ 
ment  scores  and  scores  on  the  Van  Wagenen  reading  test  showing  rate  of 
comprehension  in  words  per  minute  for  43  students  was  also  found. 

In  the  1972  spring  semester,  the  calculus  course  was  again  offered 
on  an  independent  study  mastery  learning  approach  as  described  in  Chapter 
III,  except  the  course  was  completely  self -pacing.  Scores  were  obtained 
from  Costello’s  scales  of  need  achievement.  Means,  standard  deviations, 
and  correlations  are  as  shown  in  Table  XX  for  37  students: 


Table  XX 

Means,  Standard  Deviations  (SD)  ,  and  Correlations  (r) 
for  37  Spring  (1972)  Independent  Study  Students 


Costello 
Scale  I 

Costello 

Scale  II 

Achievement 

Score 

Mean 

6.1 

6.2 

2.0 

SD 

2.3 

2.3 

1.3 

r 

0.325* 

0.483** 

significant  at  the  0.05  level 
**signif icant  at  the  0.01  level 


The  absence  of  a  significant  positive  relationship  between  general 
ability  (G  score)  and  achievement  in  calculus  in  the  fall  semester,  and 
the  presence  of  significant  positive  relationships  between  need  to  achieve 
scores  and  achievement  in  calculus  is  interesting.  The  latter  relation— 
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ship  makes  sense  in  that  the  course  was  highly  structured  and  involved 
considerable  work  for  the  student,  regardless  of  his  intellectual  powers. 
However,  the  former  situation  is  indeed  puzzling. 

The  dropout  ratio  for  the  1971  fall  and  1972  spring  groups  were 
52  per  cent  and  54  per  cent  respectively.  When  PMAT  201  was  taught  by 
the  lecture  method  during  the  1970  academic  year  at  Mount  Royal  College, 
the  dropout  ratio  was  38  per  cent. 

The  mean  grades  on  the  final  examination  for  the  fall  and  spring 
groups  were  44.4  per  cent  and  76.6  per  cent  respectively.  The  difference 
in  the  method  of  instruction  for  the  two  groups  was  with  respect  to 
formative  testing  and  self-pacing.  The  spring  group  had  formative  testing 
and  self-pacing,  whereas  the  fall  group  did  not  have  these  two  aspects 
of  independent  study.  The  lecture  group  of  1970  had  a  mean  final 
examination  score  of  45.6  per  cent.  All  final  examinations  were  very 


similar  in  nature. 
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Significant  Predictors  of  LECTURE  TEST  4  Scores  in  the  Order 
Entered  During  Stepwise  Regression  (N  =  36) 
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